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Using Procure to Improve Students' Performance
in English Writing

Chan Yiu Fai Fred, Chan Ka Man
Gertrude Simon Lutheran College

Abstract

With writing proficiency viewed as an important aspect of language instruction
for teachers, there is increasing interest in how instruction could be improved to better
accommodate the needs of multilingual learners. Procure is a method of teaching
writing without paying attention to grammatical errors. Instead, teachers using this
approach encourage students to write as much as possible. To evaluate how the
Procure approach could motivate students to express more comprehensively in
writing, a systematic action research study was conducted on innovations in English-
as-a-foreign-language writing instruction in a Hong Kong secondary school. Positive
empirical evidence was found in support of the following hypotheses: (1) the Procure
approach is useful in helping students express their own ideas; (2) students' motivation
in learning English is enhanced by the Procure approach; (3) instant and meaningful
feedback on composition is made possible after following the Procure approach in
writing lessons; and (4) students' critical thinking ability can be promoted by putting less
emphasis on grammatical mistakes. This definitely encourages students to write more.
By trial and error, they can finally write better.

Introduction

In an interview for a summer job of a bank, two candidates shared their views
according to the questions asked. Candidate A, from an international school, made
multiple grammatical mistakes in his sharing, but he contributed a number of ideas.
Candidate B, who is from a local band one school, made no grammatical mistakes
in his presentation but contributed nothing impressive in the discussion since he
did not dare to make even an error. At the end, A won the job and B lost. What is the
reason behind? Coverage! Some students with a satisfactory mastery of English may
become highly anxious when they try to express themselves orally without making
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mistakes. However, why does not candidate B have the same level of self-confidence
as candidate A? Procure can give the answer in this situation.

Learning a second language (L2) is never an easy task for most of the students in
Hong Kong. Conveying meaning and expressing ideas fluently in the second language
could be very challenging in the first place. A significant proportion of DSE candidates
in fact have found it difficult to handle writing tasks according to content and language
requirements. What Leki et al. (2008) took up in their synthesis was to identify the
variables involved and find out their impact on writing performance in a second
language. These inter-related variables are related to the characteristics of (a) second
language writers, (b) their writing processes, and (c) the writing quality required.
Generating enough creative ideas and expressing them in grammatically correct
sentences within a short time can be very challenging. Students at lower language
competency levels can only write with a limited numbers of words and a narrow range
of ideas.

There is always a discrepancy in expectation between teachers and students.
Teachers tend to blame students on the lack of length and ideas, while students often
argue that they have ideas but cannot express them enough. If this problem persists,
harmony in the classroom as well as learning efficiency and efficacy can be harmed.
The Procure strategy, which can take care of both process and product at the same
time, is often adopted to facilitate the development of writing ability as a whole. For
process writing, teachers usually give more guidance on the discovery and formulation
of ideas via social discourse. Product writing focusses more on the development
of linguistic ability. The Procure is a strategy designed to reap the benefits of both
approaches in enhancing writing motivation at the beginning stage and facilitating
the improvement of linguistic ability at the second. Students are hereby encouraged
to express and expand their ideas at the first stage and refine their grammar at the
second in the hope that their writing work can be substantially improved in terms of the
content given and language competency.

Good writing ability is important for students to further their study. A significant
amount of work has focused on academic genres, particularly on generic structure
and features in this connection. Research findings show that the structural and textual
features of genres vary both within and across academic disciplines, and that such
variations have embodied different social relationships between the reader and the
writer as well as different values and beliefs underlying discursive practices in various
discourse communities (Chang & Swales, 1999; Conrad, 1996; Hyland, 1997; Hyland,
1999a; Hyland, 1999b). For a long time, teachers have found it difficult to motivate
students to write longer pieces of work and express more ideas in assignments. As a
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result, attempts to promote second language acquisition often end in failure. Procure
can be one of the possible solutions to this problem.

Literature Review

Self-expression is an important element in second language acquisition. Dai
(2010) reported about a creative writing course for university sophomores, which
incorporated methods widely adopted in the West (such as writing workshops).
Students were encouraged to write about things that interested them and in ways that
facilitated their self-expression. The course was found to be effective in promoting
critical thinking skills because writing was no longer presented as a tool for language
learning but also a creative enterprise for students to explore the various aspects of
their lives. Unfortunately, grammatical mistakes can undermine students’ interest and
motivation to write. Teachers need to find a way to encourage them to write more.

Conceptualising writing tasks "as a social/cognitive act of entering a discourse
emphasizes both the problem-solving effort of a student learning to negotiate a new
situation and the role the situation will play in what is learned” (Flower, 1990, p.
222). The view that writing is typically a socially situated, communicative act is later
incorporated into Flower’s (1994) socio-cognitive theory of writing. In a social cognitive
curriculum, students are taught as apprentices in negotiating an academic community
and developing a mastery of strategic knowledge.

Writing skills are acquired and used through negotiated interaction with real
audience expectations, such as in peer group responses. Instruction should, then,
afford students the opportunity to participate in transactions with their own words and
the writings of others (Grabe & Kaplan, 1996). By concentrating on the conscious
awareness of how people will interpret their work, students are encouraged to write
with a greater sensitivity to readability (Kern, 2000).

Valuable insights from research in second language acquisition and writing
development can assist in developing instructional techniques that seek to link the two
processes -- acquiring a second language and developing writing skills, especially for
academic purposes. Both Flower (1994) and Bereiter and Scardamalia (1987) have
stressed the benefits of process approaches to writing instruction and the need for
more knowledge-transforming tasks. Taking the concept of “knowledge transformation”
further, Wells (2000, p. 77) argues that writing approached in this way can also be
seen as an opportunity for knowledge building, “as the writer both tries to anticipate the
likely response of the envisaged audience and carries on a dialogue with the text being
composed”. However, if students have not developed learning strategies to monitor
their writing errors, and if they cannot receive enough conceptual feedback at the

BERRIMEER



Using Procure to Improve Students' Performance in English Writing

9

discourse level, the positive effects of instruction may backfire. Approaches that can be
used effectively in second language classrooms show us what is at stake for instructors
and students alike.

Focussing on error correction could be highly desirable, but problematic. In
addition, there are many contradictory findings in the literature. The initial impulse
for many teachers when reading L2 students' work is to edit it, that is, focus on the
structural aspects so that the writing can better resembles target language discourse.
Teachers can correct errors; code errors; locate errors, and indicate the number of
errors. To its benefit, attention to errors “provides the negative evidence students often
need to reject or modify their hypotheses about how the target language is formed or
functions” (Larsen-Freeman, 1991, p. 293). However, if this focus on error becomes the
totality of the response, then language discourse, and text are equated with structure.
It is then assumed that the instructor has the authority to change the student’s text and
correct it (Rodby, 1992). In addition, some feel it may not be worth the time and effort to
provide detailed feedback on sentence-level grammar and syntax, since improvement
can be gained by writing practice alone (Robb, Ross, & Shortreed, 1986).

Practice alone may improve fluency, but if errors are not pointed out and
corrected, they can become ingrained or fossilised in writing as mentioned earlier.
Researchers into learning English as the first language (L1) are often in favour of or
focussing on conception and organisation, and not on mechanical errors, except for
a “note reminding the student that the final copy needs to be edited” (White, 1994, p.
109). However, survey reports about L2 have indicated that students both attend to
and appreciate their teachers’ comments on grammar problems (Brice, 1995; Cohen,
1987; Ferris, 1995, 1997; Leki, 1991; Radecki & Swales, 1988). In support of this claim,
Fathman and Whalley (1990) concluded from their research on feedback and revision
in an ESL context, that grammar and content feedback, whether given separately or
together, has a positive effect on rewriting. However, grammatical feedback often has
more effects on error correction than content feedback has on the improvement of
content. Grammatical and rhetorical feedback should thus be attentive to the writers’
level of proficiency and degree of readiness (Ferris, 1995, Hedgcock & Lefkowitz, 1996;
Lee, 1997; Leki, 1991). Overly detailed responses may overwhelm L2 writers and
discourage substantive revision, whereas minimal feedback may result in only surface
modifications to the text. Furthermore, learners may be uncertain about what to do with
various suggestions and how to incorporate them into their own revision processes.
More research on the effectiveness of responses on the revision of writing should be
examined.

Recently, the role of teachers as the key to the success of language learning
is increasingly recognised by both Chinese education administrators and teachers
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themselves. Motivated by this recognition, there is a surge in the amount of research
into Chinese writing teachers surges for the purpose of improving their professional
practices. Findings obtained by Lee (2010, 2011b) suggested that professional
practices could be developed through teacher education, which was previously
perceived by many as making little difference to the quality of teaching. The positive
impact of teacher education include changes to teachers' beliefs (Yang & Gao, 2013) of
their existing practices, the development of professional knowledge and skills, as well
as the enhancement of readiness for teaching students how to write better (Lee, 2011b;
Lee, 2013).

Educators also need to be mindful of pedagogical policies or practices that can
impact negatively on learning opportunities (e.g., teachers’ excessive error correction),
to evaluate the affordances for second language writing development and assessment
provided by new technologies and multimedia, and to determine whether and how
abilities taught in writing courses for language learners actually transfer to writing
practices in other contexts (James, 2009). For instructional practices, teachers should
foster students’ writing through assigning extensive writing tasks, as well as purposeful,
judicious responses to students' work (Hyland & Hyland, 2006), through extensive
reading and vocabulary development in the second language (Albrechtsen, Haastrup,
& Henriksen, 2008). They can do so by modelling relevant text types and discourse
interactions (Schleppegrell & Colombi, 2002; Hyland, 2004), enhancing students’ self-
control over their composing and learning processes (Cumming, 2006), and organising
curricula and assessments that are appropriate to learners’ abilities, purposes, and
interests (Grabe & Kaplan, 1996).

Montgomery and Baker (2007) further pointed out that students tended to value
their teachers’ comments and feedback a lot and regard them as effective medicine
for improvement. Feedback is commonly found in writing assignments. Both teachers
and students believe that feedback provides opportunities for students to improve
their writing (Montgomery and Baker, 2007). No matter whether teachers are using
direct feedback or indirect feedback, these two methods do focus on how to improve
students’ writing quality.

Chandler (2003) was concerned with the length of time it takes for teachers
to provide different kinds of written feedback: correction, underline, describe and
outline. Obviously, to give detailed feedback whether directly or otherwise can cost a
lot of marking time. Providing written feedback to students can be very stressful for
teachers because they are afraid of destroying students’ confidence by giving negative
comments. If students feel that their teacher likes their essay, they will gain more
confidence and make more effort in future. If they feel that their teacher does not like
their essay, however, they may develop negative attitudes which will affect the rest of
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their assignments. Therefore, when teachers provide written feedback to their students,
it is important that they point out the positive features as well as the errors.

Research Design

Action Research was conducted in a Form 5 classroom to see if ‘Procure’ does
mean ‘acquire’ in reality. 'Procure’ is a kind of writing strategy that could help students
improve their performance in English writing by encouraging them to write more without
paying much attention to grammatical errors. Action research can be initiated to solve
an immediate problem or a reflective process of progressive problem solving led by
individuals working with others in teams or as part of a "community of practice" to
improve the way they address issues and solve problems. Learning writing should be
a continual process and the amount of inputs from teachers should be accumulative.
In the present study, the strategy was to divide a writing task into 2 stages. At the first
stage, students were assigned to groups and discussed the topic with the classmates.
After exchanging ideas among their peers, students were asked to produce that
piece of writing according to the required format and the ideas that they had gained
in their discussion. The teacher then collected their work and gave credits to relevant
ideas expressed in the writing piece. Some irrelevant ideas would be pinpointed and
feedback was given in relation to the content. Before proceeding to the next stage, the
teacher jotted notes on the common grammar mistakes in students’ work.

At the second stage of the Procure writing strategy, students received their
marked writing pieces and the teacher gave general feedback on the content of the
writing. Their attention was then drawn to some of the more common mistakes that
appeared and how to correct the related grammar structures. At last, students were
asked to produce the second piece of writing based on the feedback on the first
writing and the instructions given by their teacher. The number of words and range
of ideas in a passage of the same genre were counted and compared with the works
in the first semester. A questionnaire was given to students about the changes in
learning attitudes. This was followed up by interviews with students at different levels
of English proficiency. A focus group was selected for this purpose to have an in-depth
understanding of the effectiveness of recasting.

Collection of Data

A class of 32 students participated in the research without knowing about the
research setting in advance. The questionnaire based on 5-point Likert scale items was
given out to test for the change in their attitude towards the learning of English. The
focus group interview was then conducted to get more in-depth understanding about
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the students’ views on the use of the 'Procure' approach in writing lessons. Three boys
and three girls were randomly selected from the class to participate in the interview in
order to avoid gender bias.

Analysis of Data

The 5-point Likert scale items used‘5’ to indicate ‘strongly agree’ and ‘1’ to
indicate ‘strongly disagree’. Ten questions were included in the questionnaire to ask
how the use of procure in writing lesson has affected the attitude of students towards
learning English. In general, students agreed that the Procure could increase their
motivation to express their ideas in writing. The mean values for the questions of ‘1 am
more willing to submit the writing assignment.” and ‘Il am more eager to express my
views on issues mentioned in the question.” were 4.03 and 3.07 respectively. These
show that the approach had helped students build up their confidence in expressing
their ideas.

Q2.

Scale Number
5 7
4 10
3 13
2 2
1 0

Table 1: Students are more willing to submit the writing assignment in English. The average
for the question of 'l am more willing to submit the writing assignment' is 4.03 out of 5.

Procure can increase the level of satisfaction of students in attending English
lessons. The mean values for the questions of ‘I find the writing lessons more
enjoyable.” and ‘I find that learning English is easier than before’ are ‘3.97’ and
‘4.03’ respectively. These showed that Procure can offer students more pleasurable
experience in learning English.

Meanwhile, Procure can facilitate the feedback more effectively. The mean
value for the question of ‘| find the feedback is more instant and meaningful to me.’ is
4.09. This proves that the students are in general satisfied with instant feedback from
teachers.
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Q7.

Scale Number
5 14
4 8
3 9
2 1
1 0

Table 2: Students find the feedback is more instant and meaningful to them. The
average for the question of 'l find the feedback is more instant and meaningful to me.’
is 4.09 out of 5.

Procure could help students develop the ability to solve problems and generate
new ideas to tackle issues encountered. The mean values for the questions of ‘l find
that my ability to think about ideas has been enhanced.’ is ‘4.09'. This shows that the
students became more confident in providing solutions to the problems instead to
avoiding them.

Q.9

Scale Number
5 12
4 12
3 7
2 1
1 0

Table 3: Students find their ability to think about ideas has been enhanced. The
average for the question of 'l find that my ability to think about ideas has been
enhanced.' is 4.09 out of 5.

Most importantly, Procure did provide incentives to students to master a second
language more effectively. The mean values for the questions of ‘I find that learning
grammar is more important.’ and ‘I spent more time on reading books and newspapers
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to develop my own ideas in English.’” are 4.06 and 4.12 respectively. This proves that
students had not put lesser emphasis on grammar and reading. Instead, they had spent
more time on reading and better understood that learning grammar was undoubtedly
important when they wanted to elaborate on their ideas.

Q.10

3%
Scale Number
5 13
4 11
3 7
2 1
1 0

Table 4: Students reported that they would spend more time on reading books and
newspapers in English. The average for the question of 'l spent more time on reading
books and newspapers to develop my own ideas in English." is 4.12 out of 5.

Discussion

Students became more motivated to express their own ideas. Since teachers
always pinpointed their grammatical errors and thereby reduce incentives to share
their views, students were more passive when writing. As a result, the length of writings
was so short that teachers could not find out concretely what students' ideas were. By
using Procure, however, greater attention was paid to the sharing of ideas. Students
were now more used to expressing their views on issues of personal interest. Their
grammatical mistakes were scaled down at the preliminary stage. This would definitely
encourage students to write in greater length and convey their messages more freely.

Students became more eager to find the meanings of words and phrases and
express their ideas since they were now less anxious about making grammatical
mistakes. In order to express their views, they will focus on finding new words and
phrases. As a result, they were more eager to look up words and phrases from
the dictionary. They would indirectly enhance their word power and increase their
vocabulary bank so that their language proficiency could be strengthened gradually.
This contributes to the increase in self-confidence in using English.
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More effective and efficient assessment methods can be introduced. Marking
compositions is demanding for teachers since they have to put diverse focuses
on students’ content, language and organisation. It takes a long time for marking
assignments. Students need to wait for a long period of time before they can get back
their assignment. Unfortunately, they might forget what they had written since they had
many different kinds of assignment to do. As a result, the effectiveness and efficiency of
teacher’s written feedback are undermined. By using Procure, teachers need not focus
on language usage but the content and organisation of composition. The time spent on
marking is reduced. Instant feedback is now possible. More assignments can be given
to students to promote the habit of writing. Teachers’ workload is greatly reduced but
the learning outcomes can be enhanced.

Students’ errors can be meaningful resources for teaching grammar. Their
writings provide abundant resources of common errors for others to learn and improve
grammar usage. In the past, students tended to write as little as possible in order
to avoid making mistakes. Teachers could hardly find out the critical weaknesses of
students since these were hidden. However, students are now more willing to express
their own ideas. Longer passages are produced and more mistakes can be found from
their writings. Teachers could easily collect the data about what the weaknesses of
students were. Such information will provide valuable resources for the formulation of
teaching strategies to help students improve their language ability accordingly.

Conclusion and suggestions

As a result of the advancement in information technology, knowledge is easily
accessible and skills become more readily obtainable. The teacher’s role has changed
from information provider to learning facilitator. The key to success of teaching and
learning is the motivation of students to learn and acquire new knowledge. If teachers
can give enough incentive for students to express themselves, their eagerness to learn
will be enhanced. As a result, the learning outcome will become more fruitful.

In the context of second language acquisition, students face dual challenges
in terms of grammar and content. It is not easy for them to overcome these two
challenges at the same time. Many L2 students lost confidence in language learning
since they were given many crosses to indicate how many mistakes they had made.
Finally, they dared not express their ideas and the whole process of second language
acquisition ended in failure. In order to solve the problem, the teacher needs to find
ways to help students build up their confidence to overcome the anxiety. For the dual
challenges, it is better for L2 students to deal with content first since this can provide
resources to tackle the grammar problems. Learning grammar is important, but the
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rules are better learnt in context. Without the contribution of students, grammar
teaching is not easy. By using Procure, students became more motivated to learn and
write a longer piece of work so that teachers could have resources in designing their
teaching strategies. When students want to express their ideas, they will find ways to
do so. Learning grammar can be quite self-regulated.

Feedback is of utmost importance to students in the writing process. Without
individual attention and sufficient feedback on errors, improvement may simply not take
place. We must accept the fact that L2 writing contains errors. It is our responsibility to
help learners develop strategies for self-correction and regulation. Indeed, L2 writers
require and expect specific overt feedback from teachers not only on content, but also
on the form and structure of writing. If feedback is not part of the instructional process,
then students will be disadvantaged in improving both writing and language skills.

In order to learn more about L2 writers’ use of language in the process of writing,
we need to apply to L2 writing the research methods utilised in exploring the composing
process in L1 writing, such as think-aloud protocols. We also need to understand how
students compose in both their native languages and in English to understand more
about their learning strategies (especially in monitoring errors), the role of translation,
and transfer of skills. Certainly, ethnographic research in L2 writing that examines the
writing process, along with the acquisition of communicative competence, will help to
create a more comprehensive theory of L2 writing.
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Appendix 1 Student Questionnaire

1. | am more encouraged to express myself in the writings.
Strongly agree (5)

Agree (4)

Neutral (3)

Disagree (2)

Strong Disagree (1)

moow»>»

2. | am more willing to submit the writing assignment.

Disagree (2)
Strong Disagree (1)

A. Strongly agree (5)
B. Agree (4)

C. Neutral (3)

D.

E.

3. | am more eager to express my views on issues mentioned in the question.

Disagree (2)
Strong Disagree (1)

A. Strongly agree (5)
B. Agree (4)

C. Neutral (3)

D.

E.

4. 1 am more willing to look up the meaning of words and phrases from the dictionary.
Strongly agree (5)

Agree (4)

Neutral (3)

Disagree (2)

Strong Disagree (1)

moow»

5. | find the writing lessons more enjoyable.
A. Strongly agree (5)
B. Agree (4)
C. Neutral (3)
D. Disagree (2)
E. Strong Disagree (1)

6. |find that learning English is easier than before.
A. Strongly agree (5)
B. Agree (4)
C. Neutral (3)
D. Disagree (2)
E. Strong Disagree (1)
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7. | find the feedback is more instant and meaningful to me.
A. Strongly agree (5)
B. Agree (4)
C. Neutral (3)
D. Disagree (2)
E. Strong Disagree (1)

8. Ifind that learning grammar is more important.
A. Strongly agree (5)
B. Agree (4)
C. Neutral (3)
D. Disagree (2)
E. Strong Disagree (1)

9. Ifind that my ability to think about ideas has been enhanced.
A. Strongly agree (5)
B. Agree (4)
C. Neutral (3)
D. Disagree (2)
E. Strong Disagree (1)

10.1 spent more time on reading books and newspapers to develop my own ideas in
English.
A. Strongly agree (5)
B. Agree (4)
C. Neutral (3)
D. Disagree (2)
E. Strong Disagree (1)

¥
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Appendix 2 Focus Group Interview Questions
1. When you think about writing, what is the first thing that comes to mind?
2. What are the obstacles in learning English?

3. Can you notice the changes in marking style of teachers in recent assignments? If
yes, what are they? Please give me example(s).

4. Did you spend more time on developing your own ideas in writing assignments in the
second semester?

5. Can you notice the changes in your performance in recent assignments? If yes, what
are they? Please give me example(s).
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Does learning at the submicroscopic level support
the understanding of conservation of mass at the
macroscopic level?

Yu Ka Kit Steven
HKUGA College

Abstract

This quasi-experimental study investigates whether instruction at the
submicroscopic level supports students’ understanding of the conservation of mass
at the macroscopic level under the contexts of translocation and dissolution. Two
instructional groups in a secondary school in Hong Kong (aged 12/13, n = 26 and
n= 29) were taught with one of the two interventional focuses. One group associated
with particle ideas learnt about the explanation for the contexts of mass conservation.
The other group involved students in practical work without reference to the particle
ideas. Data were collected by means of pre- and post- assessments using a diagnostic
instrument called the Conservation of Mass Test (CMT). Results suggest that
understanding about mass conservation was comparable between the two instructional
groups. Implications for the junior secondary science curriculum are discussed.

Introduction

The conduct of the current study is motivated by the recently revised junior
science curriculum in Hong Kong (CDC, 2017) on the one hand and the scarcity of
comparisons about teaching interventions in the literature for improving conceptual
understanding about the conversation of mass at the macro level on the other. A
number of learning objectives have been delineated in the revised curriculum. For
example, students should be able to recognise that mass is conserved when a solute
is dissolved. The suggested learning and teaching activity is the measurement of
the change in volume and mass when a small amount of table salt is stirred in water.
Students are expected to understand the conservation of mass of the solution despite
its contraction in volume, as well as a similar experimental result in a translocation
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process when alcohol is mixed with water, although the conservation of mass in this
context has not been clearly stated in the curriculum.

Literature review

Literature in science education has consistently indicated that developing a
conceptual understanding about the conservation of mass is challenging to secondary
school students from intuitive to counter-intuitive scenarios in different types of context
and educational background (Driver, 1985; Stavy, 1988, 1990; BouJaoude, 1991;
Barker, 1995; Galili & Bar, 1997; Barker & Millar, 1999; Valanides, 2000; Ozmen &
Alipasa, 2003; Agung & Schwartz, 2007; Parker et al, 2012; Meerman & Brown, 2014).
Teaching interventions about the conservation of mass tend to focus on explaining the
phenomenon by using particle ideas (Cheng, 2016) or involving students in practical
work with assigned sequences (Taylor & Coll, 1997). There is general support for the
implementation of multiple representation in teaching and learning chemical concepts
(Indriyanti & Barke 2017; Cheng & Gilbert, 2014; Johnson, 2010; Treagust and
Chandrasegarana, 2009). Little research however has been conducted to evaluate the
impact of teaching at the submicroscopic level on learning at the macroscopic level
(Papageorgiou & Johnson, 2005).

As suggested by Johnstone (1982; 1991), Chemistry is difficult to learn
because of its multi-level of thoughts associated in a triplet relationship, namely at the
descriptive and functional level, representational level and explanatory level. At the
descriptive and functional level or macroscopic level, chemists sense and experience
properties and phenomena which are perceptible and measurable in daily life or inside
the laboratory. At the explanatory level or submicroscopic level, they also make use of
particulate models to explain and predict chemical phenomena. Equations and signs
are used to communicate concepts and ideas at the representational level or symbolic
level. Chemists can jump freely across these three levels, but not so students. When
a phenomenon is presented, students could only operate at the macroscopic level and
describe what they observe. It can be difficult for them to jump to the submicroscopic
and symbolic levels. In addition to the inability to manouvre within this conceptual
triplet, Gilbert and Treagust (2009) accounted for the difficulties in studying chemistry
in terms of the lack of macro-level experience, misconceptions at the submicroscopic
level and misunderstanding of conventions at the symbolic level. The intrinsic nature of
Chemistry has made it a challenging subject to learn.

It is important for teachers to be familiar with the triplet relationship and present
chemical concepts effectively at the macroscopic level to start with. Johnstone (2000)
emphasized the importance of introducing ideas at this level because students could
find chemical changes more tangible and therefore easier for the development of
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long-term memory and understanding. Nelson (2002) reviewed chemistry teaching
before and after 1960s, and suggested a progressive teaching approach starting from
something observable at the macro-level before interpreting it at the submicroscopic
level. Taber (2011) argued that learners often misunderstood the key role of models for
explanation purpose. All these studies revealed that understanding at the macroscopic
level should be highlighted prior to any further study at the other two levels.

The macroscopic, submicroscopic and symbolic levels of understanding are
considered equally important in the field of chemistry education. For example, Johnson
(2010) proposed a substance-based framework for teaching about the particulate
nature of matter. It started with the teacher introducing physical properties such
as melting and boiling points, solubility as well as evaporation and condensation
rates before developing a particle model with students to explain changes at
the submicroscopic level. Treagust and Chandrasegarana (2009) reported that
emphasizing the triplet relationship in teaching helps students understand chemical
changes such as the combustion of reactive metals, reactions between metals and
dilute acids, neutralisation as well as precipitation processes. Their study noted that
the experimental group who had learnt relationships in the triplet format could achieve
significantly better results on the Representational Systems and Chemical Reactions
Diagnostic Instrument than the traditional group who had only been taught at the
macroscopic and symbolic levels. Similar results reported by Indriyanti & Barke (2017)
indicated that learning at the submicroscopic level would help students develop a
deeper understanding of the mole concept. Cheng and Gilbert (2014) meanwhile
recommended a teaching sequence at the submicroscopic level to explain the
conservation of mass during the combustion of magnesium in oxygen. Researchers
agree that it is necessary to link up the macroscopic and submicroscopic levels when
teaching about chemical concepts.

Students often have difficulties in understanding about the conservation of
mass at the macroscopic level and in predicting the exact weights of reactants after
certain physical or chemical changes. Some 15-year-old students could explain the
conservation of mass when sugar is dissolved in water in terms of the concept that “Not
one of the two substances would have gone anywhere else except in the pan ... even
though sugar cannot be seen it is still present." (Driver, 1985, pp.154). Any explanation
linked to the particulate level was not expected for understanding the conservation of
mass at the macroscopic level.

The difficulties associated with learning about the conservation of mass are not
limited to primary, secondary or university students. Many science teachers, doctors
and even dietitians (Driver, 1985; Stavy, 1988, 1990; BouJaoude, 1991; Barker, 1995;
Galili & Bar, 1997; Barker & Millar, 1999; Valanides, 2000; Ozmen & Alipasa, 2003;
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Agung & Schwartz, 2007; Parker et al, 2012; Meerman & Brown, 2014) also find it
hard to understand the conservation of mass. Some of them often failed to predict the
weights of reactants accurately under different situations.

The ftriplet relationship of chemical knowledge is taken as the norm for lesson
design in the current study. With reference to the concept of conservation of mass,
the effectiveness of an approach focusing on the macroscopic level only and another
focusing on the macroscopic level supported by the submicroscopic level is compared.
Results could offer insights for curriculum development in the junior science curriculum.
In view of the findings obtained by earlier researchers, six types of processes involving
the conservation were studied here by students at the at the macro level, namely 1.
translocation, 2. solution, 3. thermal expansion or compression, 4. change of state of
solids and liquids, 5. gas release or absorption, and 6. energy release or absorption
(Figure 1). These six changes were derived from a study of relevant scenarios in the
literature, and could be grouped as physical changes or chemical changes. They
are not mutually exclusive because each of them is dependent on the focus of the
question. For example, photosynthesis is a process for green plants to produce
food by absorbing sunlight, carbon dioxide and water. When the focus is put on how
carbon dioxide would contribute to the weight of green plant, photosynthesis can be
considered as a Type 5 process. When the focus is put on how light absorption would
contribute to the weight of a green plant, it becomes a Type 6 process.

Translocation
of an objet ~ Mixing objects

Respiration

Type 1:
Translocation

Neutralization

Type 6:
Energy release Type 2: Dissolvine
or absorption Dissolving -

Con servation of mass

Reaction between

i Type 5 Type 3:
etal and acid ¥p 3 _
:Iletal :zb:r?aze Gas release Themal expansion
and acid or absorption Type 4: and compression
Changes of state of Thfmfal
Combustion solid and liquid e;\:p::;mn
Change of state Context Types compression

involving gas .
(e.g. boiling, evaporation ~ Predipitation
and sublimation) Change of state
berween solid and liquid
(e.g. melting and freezing)

Scenarios

Figure 1: Six types of context in learning about the conservation of mass
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Type 1: Translocation

Translocation is a process by which an object is moved from one place to
another. It can also be the movement of certain parts of the object resulting in physical
separation or a change in shape. Galili & Bar (1997) interviewed children aged 5 to
11 about whether the weight of a non-deformed plasticine ball would be the same as
the same ball after being deformed into one of three possible shapes: disc, cylinder or
division. 80% of them had not referred to the conservation of mass when talking about
translocation. Some students indicated that the weight of the ball would increase as it
touches the hand many times. Performance improved gradually as students became
older. Unfortunately, when pre-service primary school teachers were asked to compare
the weight before and after mixing water and alcohol, a significant proportion (5 out of
20) of them believed that weight could not be conserved (Valanides, 2000).

Type 2: Solution

Students also encounter difficulties when learning about a solid substance
dissolving in a liquid. Piaget and Inhelder (1974) reported that students' ability to reason
about the solution process is dependent on an awareness of observable features.
When students saw that sugar disappeared after dissolving into water, they predicted
that there would not be any change in weight. Driver (1985) reported that more than a
half of the students aged from 9 to 14 thought that the weight of a sugar solution would
be less than the sum of the original weights of sugar and water. They thought that since
the sugar solution is in liquid form it would weigh less than the solid form of water, or
that sugar disappears when they are dissolved. A similar result was noted by Barker
(1995). 250 students were asked to predict the weight of a sodium chloride solution
compared to the weights of the sodium chloride crystals and water involved. Only half
of them believed that mass was conserved.

Type 3: Thermal expansion or compression
Students misinterpreted the weight of hot water being greater than that of cold
water as a result of expansion upon heating. A majority of them failed to judge the

equality of weight between samples of hot water and cold water of the same mass
(Stavy, 1990).

Type 4: Changes of state of solid and liquids

Literature often reports about students’ belief that liquids weigh less than
solids. Stavy (1990) suggested that students aged 6 to 15 thought that the masses of
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reactants would increase during a precipitation reaction in which solids are produced.
According to Ozmen & Alipasa (2003), about 20% of Turkish students aged 15-16
predicted that the mass of barium sulphate would increase because of the formation
of solid precipitates. Agung & Schwartz (2007) reported a similar result, as more than
a third of Indonesian students aged 17-19 claimed that the formation of precipitates
would lead to an increase in the total mass of the chemical system.

Type 5: Gas release or absorption

Many students misunderstood that gas has less weight than solid and liquid.
They may even perceive gas as a weightless entity. In this connection, BouJaoude
(1991) interviewed 20 Grade 8 American students aged 13—14. Some of them replied
that the decrease of mass in burning wood was due to the destruction of matter during
combustion. In another study (Ozmen & Alipasa, 2003), students' responses about
the decrease in mass after the combustion of phosphorus under sunlight in a sealed
flask also suggest that phosphorus was used up and so the mass of reactants would
decrease.

Type 6: Energy release or absorption

Some students believe that energy carries mass. A common misunderstanding
regarding the autotrophic feeding habit of plants in this connection can be found in
the study by Stavy (1988). Some biology undergraduates thought that sunlight is a
material that is added to the mass of plants instead of offering activation energy to
drive photosynthetic reactions. Similar findings can be found in the answers to multiple-
choice, true/ false questions and essay questions (Parker, et al., 2012). Some students
considered sunlight but not water and carbon dioxide as the source of mass gain
in plants. More than 50% of family doctors, dieticians and physical fitness trainers
believed that the weight loss in humans was due to the conversion of fats into energy
(Meerman & Brown, 2014). This conception is in contradiction with the scientific finding
that respiration would turn fat into water and carbon dioxide which would be released
primarily from our skin and lungs respectively.

Difficulties about the understanding of mass conservation are thus independent
of learners’ age and educational background and the context of study. Even thinking
with respect to the same context, the outcome could be diverse as well. Stavy and
Triosh (2000) attempted to account for such misconceptions with an intuitive rule
theory. Students were found to have reacted in similar ways with respect to a wide
variety of scientifically unrelated situations. Their responses given with respect to the
same context can be correct if they fit in to their intuitive thoughts. Two of the rules
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concerned, namely more A — more B and same A — same B, are discussed in the
following.

Intuitive rule: More A— More B

In the Type 1 context about translocation, Valanides (2000) interviewed 20
female primary student teachers from different science backgrounds. All interviewees
expressed that volume was not conserved when alcohol was mixed with water. Five
of them further believed that the mass was not conserved. They mentioned that “we
do not have conservation of volume" and that "mass would not be conserved as well.”
The reduction in mass in this context led them to think of the reduction in volume. They
considered that larger volumes mean more mass. This explanation is also in line with
the intuitive line of thought: More A — More B. In the Type 2 context about the process
of solution, students reasoned about the weight of the sugar solution by referring to
the rise in water level. They confused volume with weight and thought that greater
volume would lead to more weight (Driver, 1985). With respect to the Type 3 context
about thermal expansion then, Stavy (1990) studied children's understanding of mass
conservation during the thermal expansion of water. Many children aged 6 to 10
believed that water after heating was heavier because its volume was greater.

Intuitive rule: Same A — Same B

This intuitive rule was identified after referring to students’ response to
comparison tasks. One of the well-known experiments about the conservation of liquids
conducted by Piaget (1965) was also linked to this intuitive rule. A majority of children
aged 7 to 11 in his study agreed that after water was transferred from one container to
another, its volume would remain unchanged because it was the same kind of matter.
They would also believe that the weight of water would remain the same. However,
this intuitive rule of same A - same B does not always lead to correct responses. When
some Grades 10 to 12 biology students were asked to compare the volume of a cube
before and after dividing into four boxes, they all indicated that the volume was the
same. 30% of them believed the surface area remain the same because of no change
in volume (Livne, 1996).

The theory of intuitive rules is thus helpful for explaining learners’ poor
achievements in mass conservation questions across various contexts and scenarios.
It also gives insights about how misconception can be corrected to support the
development of the conceptual prevalence model which is more appropriate to the
design of the teaching intervention. Meanwhile, students have developed certain
intuitive rules to predict the outcome of mass conservation before the lesson.
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Conceptual change however is a learning pathway from intuitive thinking towards
scientific understanding. The introduction of the desired scientific concepts which is
universal in counter-intuitive scenarios often has to start with changes in students’
existing ideas.

To help students explain macroscopic phenomena, Cheng (2016) reported about
a 40-minute lesson design in which practical work was performed in orchestration
with the procedures in assessment for learning. The lessons started with a puzzling
phenomenon of volume contraction without changes in mass during the mixing of
water and alcohol. The mixing of beans and sago was used as an analogy before the
introduction of the particle model. Papageorgiou and Johnnson (2005) conducted an
intervention study about how the introduction of the particle model could help students’
description and explanation of solution processes and changes in the physical state of
matter. Nearly all students aged 10 or 11 in their study described phenomena according
to the scientific view, and gave explanations by referring to particle ideas. Although the
ideas they developed were not perfect, the 12-hour intervention for the experimental
group still led to encouraging results. Last but not least, Taylor and Coll (1997)
also arranged a sequence of practical work starting with the solution of potassium
permanganate crystals, followed by the placing of sugar in water. A more significant
improvement for the experimental group was recorded over the control group who
studied only the solution of sugar. The finding showed that carefully arranged practical
work sequences could offer visual support to learners and that giving more scenarios
for exploration could reinforce their mastery of concepts. However, in the literature,
there was no interventional comparison between instruction at the macroscopic
level only and instruction at the macroscopic level supported by the submicroscopic
representation in the context of mass conservation.

Research Questions

Referring to earlier studies, Johnstone (1982) argued that the triplet relationship
was an important concept in Chemistry and yet it would not be necessary to cover all
the three levels at the same time during the teaching and learning process. Learning
at the macroscopic level only could not provide meaningful experience to students.
Researchers are in favour of exploring at the macroscopic level at first and at the
submicroscopic level next when teachers are seeking to help students master the
whole concept (Johnstone, 2000; Nelson, 2002; Taber, 2011). Little work however
has been done about how far learning at the submicroscopic level would improve
understanding at the macro level. As a result, a quasi-experimental study was
conducted hereby to investigate the impact of intervention at the submicroscopic level
on understanding about the conservation of mass at the macro level. The purpose
of this study is to explore the effectiveness of two types of instructional interventions,
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namely instruction at the submicroscopic level and instruction at the macroscopic
level in supporting the development of Secondary 1 students’ scientific understanding
of the conservation of mass. The following research questions were examined in this
connection:

(a) How do the two instructional groups compare in terms of their understanding of the
conservation of mass after participating in an intervention program?

(b) How would Secondary 1 students’ understanding of the conservation of mass in
different contexts, namely Type 1: translocation process and Type 2: the solution
of substances in water, change after instruction at the submicroscopic and
macroscopic levels respectively?

Methodology

Science is a compulsory subject for Grades 7 to 9 in Hong Kong. The science
curriculum was updated recently (CDC, 2017). Changes to be noted in Grade 7 about the
understanding of mass conservation are summarised in terms of the context type in Table 1.

Type 1: Translocation

(e.g. mixing water and alcohol)

Type 2: Dissolving

(e.g. dissolving sugar)

Type 3: Thermal expansion or compression

(e.g. measure weight and volume of coloured liquid under heating or cooling)
Type 4: Change of states between solid and liquid

(e.g. melting of ice)

Type 5: Gas release and absorption

Physical changes

(e.g. boiling of water)

Table 1: Expected understanding about the conservation of mass at the Grade 7 level

Physical changes

Unit 6.3 of the junior science curriculum (CDC, 2017) states that students should
be able to recognise that mass is conserved when a solid is dissolved. The suggested
learning and teaching activities in this connection involve the measurement of changes
in volume and mass after a small amount of table salt is placed in water. Students
need to recognise that mass is still conserved even if volume decreases in due course.
The logic here is similar to that adopted by them with respect to the case mixing
alcohol and water as stated in unit 6.1, where students are expected to recognise a
contraction in volume. To further extend the concept that an increase in the volume of
an object would not necessarily lead to greater weights, they are also asked to judge
the equality of weight in the context of thermal expansion. After learning the contents
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of unit 6.2, students should be able to compare the properties of matter in different
physical states correctly. The conservation of mass during a change of state can also
provide a good opportunity to help students deepen their understanding of the context
at the macroscopic level. Grade 7 students meanwhile are expected to understand the
conservation of mass under contexts 1, 2, 3 and 4 (Table 1). In the current intervention
study, attention is given to understanding the conservation of mass under contexts 1
and 2.

The participants in this study were 54 Grade 7 students coming from two
classes taught by the same teacher in a direct-subsidy EMI school. One of the two
classes was taught at the submicroscopic level (N=25). The other class was taught
at the macroscopic level (N=28). The intervention program was composed of three
40-minute lessons targeting on contexts 1 and 2 (translocation and the solution
process respectively). During the first lesson, both classes were given an introduction
to the notion of mass conservation using daily-life examples supplemented by the
demonstration of practical work (refer to Appendix 1 for the handouts). The second
and third lessons were designed differently for the two groups (Appendices B and C).
Students in the submicroscopic-level group were asked to use the particle model to
explain the puzzling phenomenon of volume contraction but mass conservation (a)
during the mixing of water and alcohol and (b) the solution of sugar in water (Cheng,
2016). Students in the macroscopic-level class performed practical work about different
types of (a) mixing and (b) dissolving in accordance with the teaching plan suggested
by Taylor and Coll (1997). Given that both groups had not been introduced to the
particle theory before, their score in the diagnostic instrument could reflect differences
in teaching effectiveness of the two instructional interventions.

To collect data about the effectiveness of the two teaching interventions, a
multiple-choice diagnostic instrument called the Conservation of Mass Test (CMT)
(Appendix 4) was used. Scores for gauging the changes in understanding about the
conversation of mass were collected by using an online survey tool called Qualtrics®.
This instrument contained 21 multiple-choice items about translocation and solution
concepts. The questions used for this purpose were based on daily life scenarios
such as eating, drinking, cutting of pizza slices and the solution of honey in water.
With respect to the context type 1 about translocation, intuitive understanding about
immersing metal balls into water is based on the more volume, more weight rule. This
rule however cannot hold for scenarios like the formation of soapy foam or the mixing
of water with alcohol. The converse intuitive same volume, same weight concept
is represented by separating a pizza into slices or folding a paper crane. This rule
however cannot be used for predicting the weight of a man after eating a donut or
urinating. Under the same context of translocation, it was divided into four intuitive rule
quadrants as shown in Table 2.
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Type 1:

. |More A, More B Same A, Same B
Translocation

weight after adding metal|weight after the same amount of water is poured
balls into water into containers of different shapes and sizes
weight after the mixing of|*weight of a pizza after being cut into four slices
Intuitive water *weight after model clay is pressed into various
*weight after the mixing water|disc shapes

with oil sweight after a piece of paper is folded into a crane
sweight after a glass cup is broken

sweight after mixing water and [*weight after a man has just eaten a piece of
alcohol doughnut

sweight after the discolouration [sweight of a man just after urination

of a solution by activated|sweight after water is removed by a sponge
charcoal sweight after a piece of dried fish maw is placed
sweight after the formation of|into water

foam in a soapy solution

Counter-
intuitive

Table 2: Intuitive rule quadrants of type 1 about translocation

Regarding the context type of type 2 about dissolving, weight is conserved
although the sum of the volume of the solute and the solvent is more than that of
the solution. This phenomenon is only in line with the counter-intuitive thinking of
more volume, more weight. The contraction in volume here is not followed by weight
reduction as what students are used to predict. Six scenarios are given below to
illustrate the counter-intuitive quadrant (Table 3).

. . Same A,
Type 2: Dissolving |More A, More B Same B
Intuitive not applicable not applicable

sweight after white sugar is completely dissolved in water
sweight after brown sugar is completely dissolved in water
Counter- sweight after coffee powder is completely dissolved in water
intuitive sweight after some table salt remains undissolved in water
sweight after a tea bag is immersed in water

sweight after honey is added to water

not applicable

Table 3: Intuitive rule quadrants of type 2 about the solution process

The 21 items were content validated by a science education expert and an
experienced chemistry teacher. A pilot test was given to a group of 25 Grade 8
students. The CMT had an excellent internal consistency with Cronbach’s alpha a
= 0.93. The mean item difficulty value was found to be 0.60, and the discriminating
power was equal to 0.76. Values of the difficulty index and discriminating index could
be found in Appendix 5. The difficulty index was calculated by using the percentage
of students with correct answers while the discrimination index was calculated by the
differences in the number of correct responses between students in the top and bottom
quartiles divided by the number of responses in each quartile. The wordings and visual
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representation in the questions were improved according to the suggestions from the
same science education expert and experienced chemistry teacher. For example, the
diagram used in each question gave the values of volume and weight so as to reduce
reading time needed by students. The CMT had a high internal consistency coefficient
of a = 0.79 (pre-test), a = 0.85 (post-test 1) and a = 0.91 (post-test 2) which was
greater than the threshold value of 0.5 for multiple-choice items (Nunally & Bernstein,
1994).

Students were told clearly about the purpose of the study, and all their parents
signed the consent form needed. Two instructional strategies were evaluated in a
pretest-posttest design using quantitative data. The intervention timeline is summarised
in Table 4. Both the 40-minute pre-test and post-tests were based on the 21 multiple-
choice questions in the CMT. Participants were encouraged to select the choice which
best represented their own thinking. They were assured that assessment results would
not be counted as school examination grades.

Instruction at the Instruction at the
submicroscopic level (N=25) macroscopiclevel (N = 28)
12/3/2018 [Pre-test
13/3/2018 |Teacher’s demonstration of mass conservation in translocation and dissolving
15/3/2018 |Post-test |
Discussion of demonstration work using|Students’ practical activity about
26/3/2018 |submicroscopic representation about mass|macroscopic phenomena of mass
conservation in translocation conservation in translocation
Discussion of practical demonstration using|Students’ practical activity about
27/3/2018 [submicroscopic representation about mass|macroscopic phenomena of mass
conservation during the solution process |conservation during the solution process
28/3/2018 |Post-test Il

Table 4: Intervention timeline of the study

Data analysis in this study was centred on students’ performance within the two
groups and between the two groups in terms of the overall CMT result and that in the
intuitive quadrants of different context types respectively. Response collected from
the pre-test and post-tests would be graded. A correct choice would bring one mark.
An independent-samples t-test was conducted to compare the mean score of the pre-
test performance between two groups. If the result indicated a significant difference
between the mean score of the two groups, an analysis of covariance (ANCOVA)
was performed to compare the mean scores in post-test 2 between two groups while
controlling the pre-test result. Pair-samples t-tests were conducted to analyse the
changes in performance within the groups from the pre-test to post-test 1 and from
post-test 1 to post-test 2.
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Results and discussion

A paired samples t-test was conducted to evaluate students’ achievements in
the CMT as follows.

(a) Overall performance

In response to the first research question about the overall students’ performance
in mass conservation, there was a significant increase in scores for the submicroscopic
class from the pre-test (M = 12.54, SD = 4.62) to post-test 1 (M = 17.35, SD = 4.56),
t(25) = -4.88, p < .001 (two-tailed). The mean increase in scores was 4.81 (p = 0.05,
with the 95% confidence interval ranging from -6.84 to -2.78. However, there was no
significant difference between post-test 1 scores (M = 17.35, SD = 4.56) and post-test 2
scores (M = 17.85, SD = 4.55), t(25) = -0.504, p > 0.05 (two-tailed). The mean increase
in the scores was 0.5 (p = 0.05, with a 95% confidence interval ranging from -2.54 to
1.54).

As for the achievement of students in the macroscopic class, there was a
significant increase from the pre-test (M = 8.48, SD = 3.39) to post-test 1 (M = 15.17,
SD =4.39), t(28) = -8.08, p < .001, two-tailed). The mean increase in scores was 6.69 (p
= 0.05, with a 95% confidence interval ranging from -8.39 to -5.00). Similar to the case
with the submicroscopic group, there was no significant increase in mean scores from
post-test 1 (M = 15.17, SD = 4.39) to post-test 2 (M = 16.31, SD = 6.00), t(28) = -1.52,
p > 0.05, two-tailed). The mean increase in the identity scores was 1.14 (p = 0.05, with
a 95% confidence interval ranging from -2.67 to 0.39).

The results obtained above thus indicated that both intervention programs could
improve students' understanding of mass conservation. On the basis of the teacher's
introduction about the concept, students should could develop their own scientific
conceptual models. There was no regression for the mean score for both learning at
the submicroscopic level or performing hands-on activities. In other words, teaching
based on the macroscopic level only or on the submicroscopic level could enhance the
scientific thinking mode among learners.

(b) Students performance in Context types 1 and 2 in both groups

Students' performance under context 1 (about the translocation process)
showed significant improvements from the pre-test to post-test 1. However, there was
no considerable difference from post-test 1 to post-test 2. Significant improvements
appeared in context 2 responses about from the pre-test to post-test 1 but not from
post-test 1 to post-test 2.
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Performance by the macroscopic class in the CMT

With respect to context 1 (about translocation), the results of both groups indicated a
significant improvement from the pre-test to post-test 1. However, there was no significant
difference from post-test 1 to post-test 2. As for context type 2 (about the solution
process; an example of the more A, more B counter-intuitive rule), there was a significant
improvement for the macroscopic group from the pre-test to the post-test 1 (M = 3.03,
SD = 2.04) and to post-test 2 (M = 4.03, SD = 2.24), 1(28) = -2.23, p < 0.05 (two-tailed).
Nevertheless, there was a significant improvement for the submicroscopic class from the
pre-test to the post-test 1 but no significant difference from post-test 1 to post-test 2.

The result thus indicated that more exposure to hands-on activities could help
students understand the conservation of mass when a solid is dissolved. Unlike
translocation that covers different quadrants of the intuitive rules, the macroscopic
understanding of dissolving only belongs to the quadrant of more A, more B counter-
intuitive scenarios. Practical work conducted by students could help them generalise
the conservation of mass and the process of solution. However, this gain could not be
found in the scores of the submicroscopic class, suggesting that the submicroscopic
explanation of mass conservation was less effective than the repeated practical work in
this context.

Is the performance of CMT of the submicroscopic class better than that
of the macroscopic class?

In response to the second research question, an independent samples t-test
was performed to compare the pre-instructional ability between the two classes. There
was a significant difference in the mean pre-test scores of the submicroscopic class
(M=12.54, SD = 4.62) and the macroscopic class (M=8.48, SD=3.39) [t(53)=3.74,
p=0.000]. The pre-test score of the submicroscopic class was significantly greater than
that of the microscopic class.

Levene's Test

for Equality of t-test for Equality of Means
Variances
95% Confidence
. Sig. Mean Std. Error Interval of the
F Sig. t df ; . of the .
(2-tailed)|Difference| .. difference
difference

Lower | Upper

3.603 | .063 |3.742| 53 .000 4.056 1.084 1.882 | 6.230

Equal variance
assumed
Equal variance
not assumed

Pretest
3.680(45.503| .001 4.056 1.102 1.836 | 6.275

Table 5: Independent samples t-test for the pre-test results of both groups.
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ANCOVA was conducted to compare the effectiveness of the two instructional
interventions whilst controlling for the pre-test score. Levene’s test for equality of
variances was performed. It was found to be not significant, [F(1, 53) = 1.337, p >
0.05], indicating no violation of the homogeneity of variance assumption. There was
no significant difference in mean score [F(1,52)=0.021, p = 0.886, p > 0.05] between
the two classes. When the performance of the two classes under contexts 1 and 2 was
compared, no significant difference could be found.

Dependent Variable: Posttest2

Source Type Ill Sum of Squares df Mean Square F Sig.
Corrected Model | 194.268a 2 97.134 3.470 .039
Intercept 1058.418 1 1058.418 37.809 [.000
Pretest 161.932 1 161.932 5.785 .020
Treatment .576 1 .576 .021 .886
Error 1455.659 52 |27.993

Total 17613.000 55

Corrected Total 1649.927 54

a. R Squared = .118 (Adjusted R Squared = .084)

Table 6: ANCOVA table for post-test 2 result while controlling pre-test result between
both groups

ANCOVA was also performed to compare achievements with respect to
translocation and the solution process under different intuitive-rule quadrants. Results
indicated that there was no significant difference in the mean score [F(1,52)=0.839, p
= 0.364, p > 0.05] between the two groups for both types of mass conservation in all
the quadrants. Both groups were thus comparable in terms of understanding about the
conservation of mass. Teaching at the submicroscopic representation would not hinder
the understanding of the macroscopic phenomena. It is consistent with the result in the
study of Papageorgiou and Johnson (2005).

Limitation of the study

Only two classes participated in this study. They cannot be assumed the same
in terms of ability. Students would have different levels of prior knowledge, cognitive
growth and preference to certain pedagogical activities. The teacher would have
taught them in different ways and students' level of understanding would therefore vary
substantially.

Conclusion and Implication

The impact of Secondary 1 students’ learning at the submicroscopic level on the
understanding of the conservation of mass at the macroscopic level has been studied.
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Based on the answers in the diagnostic instrument, the Conservation of Mass Test
(CMT), there was no significant difference between the instructional group taught at the
macroscopic level only and the instructional group taught at both the macroscopic and
submicroscopic levels.

Both instructional approaches could thus improve students’ understanding of
the conservation of mass. Data collected in this study suggested that learning at the
submicroscopic level has not hindered the development of scientific conceptual thinking
about the conservation of mass at the macro level. Introducing the particulate level of
understanding can be appropriate to students aged 12 or 13 in their early secondary
school life. In accordance with the ideas of Papageorgiou and Johnsone (2005),
effectiveness in the teaching of particle ideas depends on aim and strategy.

This study aims to call for the attention from researchers in curriculum studies,
especially for those in Hong Kong. In the latest junior science curriculum (CDC,
2017), the placement of the conservation of mass as a macroscopic phenomenon
was arranged into the unit about submicroscopic behaviour which was highly abstract.
Although students in the submicroscopic group were required to learn the particulate
nature of matter which was absent in the macroscopic group, they could also achieve
a comparable result as that of students in the macroscopic group. This macroscopic
understanding of mass conservation at the submicroscopic level can still be successful
if classroom teaching is following the lesson design in this intervention study as
recommended by Cheng (2016)’s report.

First, it is important to admit that the concept of mass conservation is challenging
for learners and so a classification of mass conservation contexts is necessary for
facilitating understanding. Some context types (e.g. translocation) are composed
of intuitive and counter-intuitive scenarios that make the conservation of mass
complicated to master. People can conserve some contexts but not all. The proposed
framework of contexts in mass conservation and the diagnostic test can help
understand the progress of students’ learning of the phenomenon. Explicit linkage of
different context types of the mass conservation into the curriculum design is needed to
progressively develop a scientific conceptual model among learners.

Second, it is important to highlight the teaching sequence of lesson design at
the macroscopic or submicroscopic level. In general, the lesson design focusses
on intuitive scenarios of mass conservation in the first place, such as predicting the
weight after stacking wooden blocks or mixing water from two containers. The counter-
intuitive scenarios such as weight after drinking water were utilised to activate the
scientific mental model. For students in the submicroscopic group, it would be strange
and uncomfortable when particle ideas were transferred without explicit linkage to
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more familiar scenarios. The beans and sago activity with extensive teacher-guided
discussion was therefore set prior to the introduction of the particle model as suggested
by Cheng (2016). Similarly, for students in the macroscopic group, hands-on activities
in the solution of sugar by itself could help to develop durable understanding of mass
conservation. The solution of copper (llI) sulphate and brown sugar in water does
not only provide visual (Talyor & Coll, 1997) but also conceptual support to learners
when seeking to understand the phenomenon of mass conservation. Hence, learners
would not treat the mass conservation as error but an authentic law in nature. As a
result, this study cannot simply conclude that the impact of teaching at macroscopic
level supported by submicroscopic level was comparable with that of teaching at the
macroscopic level only.

Third, the result of the study could be interpreted as meaning that learning at the
macroscopic level supported by the submicroscopic level is not superior to learning at
the macroscopic level. This is consistent with the argument made by Johnstone (1982)
that it is not necessary to go through the submicroscopic level when planning for the
study of chemistry in the curriculum. If learning at the macroscopic level only is already
sufficient to achieve a comparable achievement in mass conservation with teaching
at both macroscopic level and submicroscopic level, why do we bother to teach at
the submicroscopic level? Could teaching at the macroscopic level only also lead to
comprehensive and meaningful learning that is helpful in the solution of problems in
daily science problems? This study can offer some insights to the curriculum planner
about the teaching and learning of concepts at the macroscopic level. Further research
is needed to address related issues such as those about the learning attitude of
the macroscopic group and submicroscopic group and the impact of learning at the
submicroscopic level in other contexts of conservation of mass.
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Appendix 1 Worksheet used in the first intervention lesson

Drinking Water
Before drinking water After drinking water
[{:—’ f — (I,'___‘
[ — \ [ —
e | - = =3
% How would the weight of objects change when mixed?
Mizing of water and alcohol
Before mixing After mixing
—— 9 P
e | —
Yolumeof | Yolumeof Total .
water skeabal Weight Toal Yolume Total Weighs

Mixing of water and sugar (Dissolving)
Before mixing After mixing
H 4 H H
N ‘r —
" — — —— —
: Imal Tozal Yolume Total Weight
water Sugar Weight

< Do you agree that weight always increase with volume?

43 HEMEREER




Does learning at the submicroscopic level support the understanding of conservation of
mass at the macroscopic level?

44

Appendix 2 Worksheet used in the second and third intervention lesson of the submicro group

Recap:
Mixing of water and alcohol
Before mixing After mixing
Yohune of Yolusme sf Total Weight Total Volume Total Weight
water alcohol >
Activity: Mixing Beans and Sago
| Bean / Sago
Welght‘ctllange increases / decreases / no change
after mixing
Why?
::;:Z;::ﬂ# increases / decreases / no change
Why?
(with diagram)
Particl fel of liquid

When further magnify water, water particles are found.

List some features of water particles:

Di .
Based on the activity of mixing beans and sago and the particle model of water,
complete the table below:

Water / Alcokol

Weight change
after mixing
Why?

increases / decreases / no change

Volume change
after mixing
Why?

(with diagram)

increases / decreases / no change
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Activity: Dissolving copper sulphate into water

‘The copper sulphate disappeared after dissolving into water, do you agree?

‘The sugar disappeared after dissolving into water, do you agree?

Particle model of solid
‘When further magnify sugar, sugar particles are found.

a sugar particle

Base on the activity of dissolving copper sulphate and the particle model of sugar,

explain why the total weight stayed the same but the total volume decreased after dissolving sugar into
water.

(a) the total weight stayed the same,;

(b) the total volume decreased (with labelled diagram).
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Appendix 3 Worksheet used in the second and third intervention lesson of the macro group

prdia Adiviy ] — Mixing of water and alcohol
Before mizing After mixing After
LH HJ >
| — > | L ____1 T
T— - Y o Tl : Volume of Yolume of Toeal N
i3 une Total Volame w
heans s Total Volume Total Weight Waler alcohol Wieighs
Practical Activity 4
Practical Activity 2
Mixing of colour-dyed water and alcokol A e e
Before mixing | After mixing
J J:| > > H_H
| I | [ — (= __1 8 _ - |
- b e — —
Nolumeof | Nolumeof § Nolyme of Tosl
[ P — Tot! Weighs Totl Volume Tosal Weght sier cupper Weight Total Vobame Total Weight
T salphate
Mixing of water and brown sugar (Dissolving)
[ Before mixing After mixing
[ H > HH
e [ —
[ 1 L — |
— } i Total Viohume [ Total Weight
Eractical Activity &
Mixing of water and sugar (Dissolving)
Before mising After mixing

[ — - ——
| I |
- — — l_ “—
Velumeof | Volumeof Total
Total Volume Tiotal Weight
i 4 i Weight
Dscassion
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Based on practical activity 1-3,
1. In practical activity 1, was there any change of the total weight? Why?

2. In practical activity 1, why would the total volume change?

3. In practical activity 2, what was the colour change? Why?

4. In practical activity 3, was there any change of the total weight? Why?

Based on practical activity 4-6,
1. The copper sulphate was no longer present after dissolving into water, do you agree? Why?

2. The brown sugar or sugar were no longer present after dissolving into water, do you agree? Why?

Based on practical activity 1-6,
Was there any pattern in the total weight?

[ Law of conservation of weight
| The total weight is

___ after objects are mixed.
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Appendix 4 Conservation of Mass Test (CMT)

Flask A

— Flask B
%

The weight of water in Flask A was
200 g. Then, the water was
completely poured into a Flask B.
What was the weight of the water in
Flask B?

less than 200 g

equals to 200 g

more than 200 g

N
5

A pizza was 300 g. Then it was cut
into four slices. What was the
weight of the four slices?

less than 300 g
equalsto 300 g

more than 300 g

BEMRRMSER
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There was 200 g coloured solution
in a beaker. Then 50 g of activated
charcoal (j&M k) was added to the
coloured solution. 10 minutes later
the activated charcoal absorbed (&
I7) all the colour in the solution.
What was the weight of the content
in the breaker

equals to 200 g
more than 200 g but less than 250 g
equalsto 250 g

more than 250 g

=
= =
.

A man was weighed 60.0 kg. After
eating a piece of doughnut (Zf8)
weighed 0.1 kg, what was his
weight?

equals to 60.0 kg

more than 60.0 kg but less than 60.1
kg

equals to 60.1 kg

more than 60.1 kg



A man was weighed 60.00 kg. He
went to a toilet and his urine was
weighed 0.1 kg, what was his weight
after urination (/) \{)?

equal to 59.9kg

more than 59.9 kg but less than 60.0
kg

equals to 60.0 kg

more than 60.0 kg

I+

A piece of paper was 1 g. It was
then folded to a paper crane (45£8).
What was the weight of the paper
crane?

lessthan1g
equalstolg

morethan1g
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A toy clay (JiEfE) was 20 g. After it
was pressed into a disc shape, what
was the weight?

less than 20 g

equalsto20g

more than 20 g

ok

A glass cup was 100 g. After it was
broken, what was the weight?
lessthan 100 g
equalsto 100 g

more than 100 g



=g

IC

(- — —
A sponge (i§#%) was 5 g. The water
in a beaker was 2 g. The sponge
was then placed in the beaker to
remove the water in the beaker.
What was the weight of the content

in the beaker?

equalsto5g

more than 5 g but lessthan7 g

equalsto7 g

20 cm?® of water was weighed 20 g
and three metal balls were weighed
9 g. When the metals balls were
added to the measuring cylinder, the

volume was 26 cm®. What was the
weight in the measuring cylinder?

lessthan29 g
equalsto29g

more than 29 g
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Does learning at the submicroscopic level support the understanding of conservation of
mass at the macroscopic level?

A piece of dried fish maw ({Ef2)
was 10 g and the water in a beaker
was 250 g. The piece of dried fish
maw was then placed into the
water. After 2 hours, the fish maw
expanded. What was the weight of
the content in the beaker?

equalsto 250 g

more than 250 g but less than 260 g
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equals to 260 g

more than 260 g

15 em?® of water was 15gand 10

cm? of water was 10 g. The water
were then mixed, the volume was 25

cm? only. What was the weight of
the content in the measuring
cylinders?

lessthan 25g

equalsto 25g

more than 25g
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mass at the macroscopic level?
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15 cm® of water was 15 g. 5 cm® of
soapy solution was weighed 4 g.
When they mixed together, the

volume was 21 cm>. What was the
weight of the content in the
measuring cylinders?

lessthan19g
equalsto19g

more than 19 g

15 cm® of water was 15 g and 10

em?® of cooking oil 9 g. When the
water and the cooking oil were

mixed, the volume was 25 cm®.
What was the weight of the content
in the measuring cylinders?

lessthan24 g
equalsto24g

more than 24 g
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15 cm3 of water was 15g and 15

cm3 of alcohol was 12 g. The water
and the alcohol were then mixed

quickly, the volume was 28 ¢m® only.
What was the immediate (BDFF&Y)
weight of the content in the
measuring cylinders?

lessthan 27 g
equalsto 27g

more than 27 g

SIREEREE

Some water was 200 9. Then 10 g
sugar was added. 5 minutes later

the sugar could not be seen. What
was the weight in the beakers?

equalsto 200 g
more than 200 g but less than 210 g
equalsto 210g

more than 210 g
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Some water was 200 g. Then 10 g
of brown sugar was added. 5
minutes later the brown sugar could
not be seen. What was the weight in
the beakers?

equals to 200 g
more than 200 g but less than 210 g
equalsto210g

more than 210 g

STAMECREE

Some water was weighed 200 g.
Then 50 g of table salt was added. 5
minutes later, some salt remain in
the beaker, what was the weight in
the beakers?

more than 200 g but less than 220 g
equalsto 220 g
more than 220 g but less than 250 g

equalsto 250 g

BEMRRMSER

Does learning at the submicroscopic level support the understanding of conservation of
mass at the macroscopic level?

ETRNNERY

Some water was 200 g. Then 10 g
of coffee powder was added. 5
minutes later, brown colour could be
seen. What was the weight in the
beakers?

equalsto 200 g
more than 200 g but less than 210 g
equalsto 210 g

more than 210 g

=]

A 5 g tea bag was put in 200 g of
water. The water became green
after 5 minutes. What was the
weight of the content in the beaker?

e = tdbw u
____

equalsto 200 g
more than 200 g but less than 205 g
equalsto 205g

more than 205 g
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200 g of water was added into 10 g
honey with the honey stick. The
water became yellow after 5
minutes. What was the weight of
the content in the beaker?

equalsto 200 g

more than 200 g but less than 210 g
equalsto 210g

more than 210 g

53 HEMEREER



Does learning at the submicroscopic level support the understanding of conservation of
mass at the macroscopic level?

Appendix 5 Difficulty index and discrimination index of individual items in pilot test

Item Difficulty #ofcorrectin  # of correctin  # of response in Index of
Item descniption
no. index (N=25) top quartile  bottom guartile cach quartile discrimination
weight after water pour into a container of
1 0.8 6 3 6 0.50
different shape and size
weight after colour removal of a solution by
2 0.56 6 1 6 0.83
activated charcoals
3 weight after a pizza was cut into 4 slices 0.84 6 4 6 0.33
4 weight after a man cating a picce of doughnut 0.4 5 0 6 0.83
5 weight after a man urinating 0.28 5 ] 6 083
weight after a toy clay was pressed into disc-
& 0.76 5 4 6 0.17
shaped
weight after a picce of paper was folded into a
7 0% .1 3 6 0.50
paper cranc
8§ weight after a glass cup was broken 0.72 5 3 6 033
9 weight after water removed by a sponge 048 & 0 6 1.00
weight after a piece of dred fish maw added
10 048 & 0 6 1.00
into waier
11 weight after adding metal balls into water 0.64 5 1 6 0.67
12 weight after mixing water 0.76 6 2 6 0.67
13 weight after soapy solution forming foam 044 5 0 6 0.83
14  weight after mixing water and alcohol 0.56 & ] ] 1.00
15 weight after mixing water and oil 0.52 .1 0 6 1.00
weight after complete dissolving of sugar in
16 0.52 & 0 6 1.00
water
weight after complete dissolving of brown sugar
17 0.6 6 0 6 1.00
in water
weight after complete dissolving of coffec
18 0.6 ] ] 6 1.00
powder in water
19 weight after incomplete dissolving of table salt 044 5 0 6 0.83
20 wcight afier immersing a tea bag into water 0.64 6 0 6 1.00
21 weight after adding honey into water 0.76 6 2 6 0.67
HEMRBEER
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ETRR  ZMeRRETHT  RENSHETLEN - ERULH I ASERHLEE
7 BHEHERNERAMEN - HP BRI hEREFAZ - Mg h—REZER—HAE
NHEBERE - FEi e FE2EE W REZEEERE (Blatchford, 2003; Finn, Pannozzo,
& Achilles, 2003; Hallinan & Sgrensen, 1985; Ozerk, 2001; Yeomans, 1987) ° #Rhig
IR/ NESEED - JRAlE D E R (Blatchford, Goldstein, & Mortimore, 1998;
Bascia & Faubert, 2012) ©

BENE > ARERDAEBRBBENETHE - KTHRETEFEANUA - K
REET RS EHRBRDETES - XM TRASESZBRETNFE - HETE
BREBBEARBLELRE - BEROT - RRPEEKENPEIR EROENE -

EA=]E

FREETRERAEA P ARBEREZENHYBITHNR - BHERARERZH
BRENEP & T —ERRTFIFEAY  ETEME—HINE - AREFFFRSE [#
EOEEN] MEEETER  BNRERATEEM LG R BRENEBETAN -
SENHEMERBABE - AREXRLT BEZREBHAT N EPHEESRREANE
REARS - 2 UM EETREENE RTEREHE [—==] WIERSBU
NERETT - WILEERETT T EEBRNEE - BBHERER - HR - FREF - ELER

EHE -

tHRE

1. BXIEBRARDRABENSEDHE  RELHE ?
2. BXEBEARLRITELENEBTRE?

st

ARRRBBETHWE - ARANEBERAR » IAMEHRERERN—Hh 2L
H2MEE FRAE16E1TR BANSEBNBERNERZ K ERATBERPT -
RARSENKEL TNER  REXENS - BREMANEIERBRNZIMBERAUER
EXERD  RAEERER  REBEHIIMEE - ERFRVIMERRZEMERR -
EMRECGEERNEM - BEERDEZGRRNE(CEELEANFIFTIE B 1.
BBREGHAE  THRBLGMEBIET  ERELELEBTPR LRETANE: 2. BE
PISEETHHR  AATHERATIEBHELNREZR BRI - E - BEE
BEMSRNTE: 3. WERAENIIRINEBBNE - THE TSEEANHBE
HEAKENTE -
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PEEX B 5 IR EIH

BRI - RHEZE - BUREEERRN BT EAGTE KT
B75 2017 F 11-12 A|ME - EFOMPABREREHHRER - URGOHER - WERXHF
& EEdiE S

2017 F 12 A% |FHEER OB RBORE - AR/ EE - SRR E AT RS AT
2018 F 1 A % WS EEIREESE (FE] -

=il RIE LR AYEH 8] IEARFNIZ : IR SIERAENRE [FE2E] - [2
B 2018 F 2-5 A (BRI M [2FKE | =@ mETRE  BRESRIE LR LA
BN RAERBET - ARGHESEENERE - IR TFHRIEEEHES T -

BEE Bige MEARAE R R BBEMEA BINER - UK IE—FTZEHERER

W [2018%F 6 A |

Y
a2 yE i ©

RER0BE T8 A | NAGRAERL BNEY ESEERE TR6 AR SBEMTL -
SR

FIBEONE D EEHFEERAE R ER AN BIL R B AEM #B AR © [
BRHESANFOEHMEESEDN - M THRBEHUMEETEEEALRNER -
I LBRARE NI MBBRER D - ER2E ik AL BT EE AR
B R RBEVRAE - TR ERASAE tRET R\ - M T MARNHEONSEL - —4@
ERRENHE  WAENE  Z—AERFNEE  BAERE BASBREER
% LLBETMEVER B RAMBUERNBBEN D H -

tRRERE R

HEHACERTEL AP FRBIRENF 29 FRE2 (16 B 13 %) HEME
FEFRYERETRNEE  MEHAETEE 15 BRE  ER 1 RRIEFTEE - M4
EIFERE

ElE] FHE =
(1) BXrE2FENEMAERERHAMBHAR 3.13 0.52
(2) BXrE2EEDRABRNEEHENNE 3.37 0.59
(3) HBF2TBEERFELLHER 3.13 0.58
(4) BFLTEFRFHEE 3.33 0.62
(5) BB ERRASEHENER 3.1 0.6
(6) BHFZBFRTERZBEFHS 3.23 0.66
(7) BXSBZEPREAHBRE 3.27 0.54
(8) EFSEERMBRNEIES 3.33 0.58
(9) EFXrE2EERREEREBERES 3.17 0.56
(10) BFE2BFRFFAERNSENA 3.17 0.67
(11) BFEBZRERZHFZImNKE 3.57 0.55
(12) BFETFHRHEOEMAER 3.2 0.48
(13) BEFEBERASZHERENEE 3.43 0.57
(14) BFLB/EREEZETEG (Pl : MR - B4 EH) 3.47 0.53
(15) HEBAEXZ2EEA L8HER 3.43 0.64

®x—  BERELER (n=30)
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EEEGR

3.5
25
1.5
05
1 2 3 - 5 6 7 g 9 12 13 4 15

10 11
€751 3.13 327 3.13 333 3.1 3.23 327 333 3.17 3.17 357 32 3.43 347 343

®R-  BEHRELEREBEE

w

(]

[y

o

REXR—L= REZFLEMEEANTHEESN 3 ERARLEREHER
REEA B T2EEN o BFERE 3-6, 8, 10, 15 WEIERMASEALR A B T EBRA A UAEAD
PIEMNEE - THER - MABEHE - MAEAFELRLBEMRRE - HEMMNENE
NRREAEBRHENEE - FLBEERNE T EEEAEYRELETENEENEE
AE e

RHN BEMEE1,2,7,9, 11, 12-14 AR - BEETEATUEDHMRERE
EHEE  HYBLMASBEHENRE  HEBLRSEENE  BEERELEHR
BEE  LELETIMOEREN R JUERBEEEE  FELETFELRTHEE - BL
HEETETEREAEPHAIMBLEEE LN EBFIRABENBEKLE -

EE BRI R BE D AR BB Y B R B AR
RTHRBLAHBEFPRENE(L  ARELETEIEBANANEERESRED
MZ SR A ERARE DR ITR] (EHIME) MIRAEIFLLE - IR ERETTRBE—

IREEE - WM T REBEEERTRNEEEeTEBED T
N A DA BAERFIGE
il (A) 29 57.3034 17.51557 3.25256
mHE (B) 30 75.2533 12.48858 2.28009

®R= ATRIRAE

BEMRRMSER



FRATBEEARABERERE  BEY)

HRBERENBEHE

F | BEHE | (A | 6mE |BEE (BR) | THEEE | BERER

A-B 3.082 .085 -4.544 57 .000 -17.94989 3.94988
#I: AURIRALLE (£ : *p<0.05 + *p<0.01 + **p<0.001)

BIER=RREMNERAS @ FIABLEA tRELLERERA - 5648 2 AR E -

B (M=57.3034 * SD=17.51557) E2#EH|4H (M=75.2533 + SD=12.48858) LAl

KREWRBBED R - i p>0.05 (p=0.085) - A] REBRAMITHIASENEZERE A
#) o
T it . . IEAERR mwE
FHE BAgH ZAHEE T i t & (%)
A (BBl -1881) | 63.0172 29 8.84795 1.64302 3.478 0.002
B (BRI -1881) | 59.0967 30 18.93715 | 3.45743 4.673 0.000
RE - BAIRELE (& : *p<0.05 * **p<0.01 * ***p<0.001)

BIEXRR  MEEFAKEEARtRTHERERAE  E58 2 %0KE - BEREE
AHBEBREFRE EF 0 M p<0.01 (p=0.002) : A& > EHIEEANEEBRERZE
TP - M p<0.01 (p=0.000) : #MALERAEH  ERETEERATHERTD  #
BRI EENEERLE - BIER/N TRERANSELRBIKEL RIS - miEHl8

BB 1 BB LEATRVIE - 71 8 AR
SRIRTRBE -

MBLEMENRNHERN  REAREN

MAH 24 AR IR AR
80

70
60

50
47487 40
30
20
10

/N RABELE (FEE)

88




BERETEREARITEEREZE  BEPR N BERENRBS R

{@RlEnEE

BRI R EIRHE T BT ARSR - BB ACRPRALBER 248
C D BEBHAELLE— IR - TR E BBHAERNE - SmmmT -

A REBEBSRE LAEESBIER LR

B. EHBRY FAETBRER LBE  HROBERAETHE 2

R B2 DE

1 A BB BIPBRAANEDREET LR AR/ ANEE RS R IRER ©
REBER Wi B4 BBE—REHR MY VERBATE - AIUEBRERINEE -
SRELA B EAATEBRR LRUNERPEESOREHKARRE - BRRITIER
BEBEER  pzh EAMARE —R2E  ERANESTRREEHREREEE -
ALRB?  © AXLBEAERSBUUNER (1 EAHSE 3 ERE) - AEIFERIL
2 FEEMES o B T RMMRBBNRRAKE -

ERBPIOIE LRI o B - RIER EARKN - ERAERSEHT -
REBATEE - RIBSETARRT NI FNRY -

2. EIBERA AR RSB EKA 05 SR B N R 3 A AR A2 -
ARBRY B ERNSBRAHERS  AARSERAERARNAUEE - £HHER
EREER  PERNRER - ERIVE R EERANRBEG X -

BEALR ¢ BMnSmRERBERINE— - AT SBEXTUREBERRE - F
& SR {BlER—tesA o

BEXER D mamTRRET  SFRNBERBRSIN—F -

AYE? b pemesssERs  RART A THE NS TSRS -

™ >|m O

O

xRt 5 UBENTHHRER

WEREFH  JREXFNAREAEREHERTTHETLEERN - M= EE
FZ2—RIIE  AAEMATMMEREFHAMRASME  KMEFRBEPINET#E
REAR c EHIARPELEFERNZ NIATEERFKT (Nicholls, 1978, 1984)
gEoh - BAMRABHERNDIFRER - HMEELRERTMMAZINNGE - 5E -
—HBLERABAEETETEAT MW EBEEJRLFREREERAER - FH)
MAIAEL - HRASEHFASZEE  FESAHRAEHERLEABEE2EEA MU
RBAMPIEEKE -

B ¢t
|nI:I

ERSHAET A RABLBEMHRARE ETEBFRAAIAEHMENEE - =
PEE  NMoBRBHE  EEELRHHBEBME  HEMMNEES - B T2BHFHIE
BELRANEERE BHAEERENHAE - EYBLLEFTENEBNEBFE
R MEHEMELEEEZNEE MR EENBERLE -

EEoiTd  BERESEREFHESENEMRESAARNER - ERASAL
B-REFENAEFEERN LRE - MASERDARZAKESERBATE - E8E
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PRI RERMASENRBFHDLRAS - MAREEA R E AR IR 2 EFTR HEER
RIRBERBREDH - RE - EEIESENRAFEDLLATAE - MAEER tiREER
NERBLERBEEZRKNERBEEDH - SFEALMERR  ERESLNBERER
BEEN  MARZEHNESENHBENEERERY - G2 EEBERRINIER -

EEEGRT  ERENEBEINEMENELE IS ESBERETEER
ANEBERT - ARERET - BERAERSFWEMINERTHRZEAS © o) 2
EMRRBERNRARRER - ARMFAATAERERTEZNR CEBEHBLEH
k) PAERDREFEREEE) - [RTIRTEREAND - R ROMPEREE
FRE - MIRAETE - TR BNERFTEARMAKAR ©

B= ;BRI

RATRME  RPEBRSERZZNA  BRHK  NE  BBREEFHEMET
M BTV BER TR IEHRARR o AR ILAARZ BINE B R ERAR - REEBUSE ZH U
RRAERRAH

=4

RFEH - BEEERALUILRBENETHRIIZSMMOBERE - BRRLY
TE - BEETHRMBAZENEEELIEFENEENKT) (Zimmerman & Martinez-
Pons, 1988) - AMfiFAmMBAHERPFEABEIEZIEXRT T —EAXIOFF: B
BEREFAEFEEEANER  MTIE2BEE WERNFEABZEEEREN  HAFE
HEHEAARAL  TEOMMERE LEVRESR  MEBRAHENNELE - 7]
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LAUEBFERTREKE S (Zimmerman, 1990) © 2 1% » ZEMFE L2 E 4 e £ =R B
R - EMTERTYEFRAETE2TEAERNTERE -

FEEHET > RRLBERIIANERNE  YNEFEERETEEEANES
HERERS-LER  RTEGSEAHRNINER  RBZUEZSLENHENPEERE S
AEE - A2 RENEZMFTEREHES  VERREZEZMBEEERAIER
B ER -

ARENBETE - TUESWERA  ASENHEHR22E BETUE2
ETRATSBEANEALSETRRE LAY AR TRENNSERTH TS
ERHEOHBE -

2/

REESE (2000) o (HBELERE) - 246 HE -

RBIR (2008) ° (FHIABKRASLESEBRESE R SRR 2T —ABBRER
BRAREAH CRERRELR) ) - SS2EEAR o HHD -

WRE (2008) ° (B/NBAEHESRHEBRPRESTRBEBE2MT CRERETL
WX) ) o BNFERBEKRE - FERE -

A (2015) o (BUBEHBNEE) - (HERYP) - 1-656—75°

RE=RBEEFEE (2016) ¢ ( [HEHE MRLABRER — REENH
SEETE) -

MR (1995) - (EHPLELESR) - =6 A o

maEBER (2014) - (BXE2EB —HB2HRE) - B4

2EE (2018) - (BEEEXEENRER  RARANESHER) -
BEEFT (2013) o (MHBBOFE : BUFEEE) o

R OB (2013) o ( [EEBERHE| H [PEHF | WEE REEKLE) - (&
RHMBEREY 42 (7) 1017 °

HERK (2015) o (BRKME : ERKHBTSHEHBL) - =4/ BFRKT o

RmiE (2013) - (BEHHTREMAMERZME) - (FREAEE) - B 1654
285-293.

HEEK (2014) o (EBHITEEEBENRER) - F 4255 2 H - 143—153 ©
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EERE (2017) - (BEARZEBABEHREZER) - (FEREFT) 31 (2)
87-99 °

MRIZEERE (2002) - (EMHERIBHES —ZFMEEEMR (N—ZEH=) ) -

ARIZEREREE (2014) o (EMHERBES —BE R eFHE (N—Z/X) ) -

B - RIS (2015) - (BERE) o (ELHMEF®R) -2
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ERHERBERIEHNBRANPEE
S B R R EBS D S

REE - B8 HRE B8R MR
£ SHEZEREZEHRS

WE

FETREERER  AEESAR  BREF  YEXRRA - AEBEENSELE
BRARERITE  BERERARHM ME> %imﬁﬂﬁiﬁﬁﬂ’ﬁyﬁﬁﬁé'
REEERBEERTE - ST IRBENTIERES - AP XRIBKE = F A5 AEHE
BiR ML LRKR  FELRARFERE  UtTESFHABRR - BRIR

HISEHEP=BLE2E  ERE(LRELDNT  ERE - FTRIERERH R BEH
E‘E”Mlab °

ERER  EFHE  HEEN  2BPK - BiFk

-

HetRIAEEL AHERIFMENED  UWENSELEETE (FRISSMEE) -
BANREEMEDNBREBMEHAKE  WAKA [REEEE| (RERERZTS
2002) - fEOJLAEME [B2e8E  AGKRFEFNEN] NER (REZRRZS &8
EHAKFZB - 2007 & 2015) - ARAIR - EXE2EEREENHESH L - BAR
BTEEZERBE - HERYMPEBXHENBRIERETIEZHRETF (B (R
BB B2 EEGRIZES (N—2FR) ) (BERBEEEZZ 2017) ~ (FH
AENGRIERGFHEES| (FIEFN) ) (RBRBEZS -BBEAKTZE 2015) f(F
BhFEEZVEZZ2EED (FAH) ) (REBRZT  2007) %) @ RIYSB4LFEE
ﬂmﬁz’ﬁ¢ﬁﬁuﬁ'@%%¢%%<mﬁ% BA) AR BAMEINE
SE o R WIEFLAMERARE (BEE2BMRGTENEEPEERATR 84
maﬁﬁﬁf%%mﬁ B o

EREEEGLSEXEMRL | BAEREEE DBEERE ? 508 L X AR
REERENARESENATEE LT NRERBRRONE ! WP ERES TN S
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N EBENEBXMERE  IFHEREREDETEE - WEBHMERRBENETE
BREE - BTRABEREREN  BRPXBEFR=FASIAETHE  BAERE
BHNEXEE  VHEVTSERE LEMA - ARARER GNP =RMAR HMEXE]

B UWSEILARD RE-RIERHEN B ERBANERERBIRNERES -
SEEBHBXAMERE R PABERINRY - WEARBIA - BESIEEM -
BBRATFVASIFARLRE - IRAZER » ARIEHR RS BAEMPBEITR » 7N
BHESRDFH—LHFTKRR

ERITRRENBENTRER - WEMARKSEIRER  RELEREELRT &
BEE - RABBFBN S MR - BPULENAS [IREBH ] - 52 AARCHEXBIE -
AR HEREERERAERE DERTHREXE ] LHE-FH—HNSE /T —
RARBRTZENWRRN > TREBARPREUTERNAOZEAREARNER - BB
HERR  BARHANEERANER  WEBSRFRAEBANBERENMRE

RAamE  ARMELEMAEE
(1) BRRTEMABNHE  GEEAFGNESHE  2E [A2EER] - A
BERK| WBIERE - REEMELIEE -
(2) ZHBABRHREBERS HARBBRTERAS ZHMEAREBNEERM -

M RR¥REY

(FPEFREXZZRETEN (BH) ) GRERRZE - 2007) ZREBLERF
ENLREE TERES RERES  AVES SYHES SEESFA] G820
MEBERRBETEANZRBEAMBERNENERH - XHTMER 2AEEERRFRRE -
B [BMEAELRICANSABERERAT]  [ZEZE  ZER  ERBEAN
Bg - BEBEAT]  GEBMERAFTEETOHERNER  THUTEREZT 55
RHRERS - U EEBRET RIRUE B P EERIFENNET - THEELEE
FERNBIEKF -

2017 FRBM RGN G (BEZALNZR - 2017) WRE=FHPXR®RSE -
U EINEARRIKTFHFR=Z2BEKRE | BT - [ KREDHIERE AV EZ
R - MRBRSWOER [EERMNEX REFLE - sSIHEABSREZ]
[RAE  BRERZ] - HONEATTER 2017 FEBTE2XEABEEL N SN
sRWE (FABRALNZR - 2017) - HRELS4E [BREMAR] - (855 AW
MERERAMEE]  [HFEORBXBATZ  BREFTEEZARNBRE] - EFH
NAZABREOREEEERERRN TR - & [EY] - [RBRLE] M 1B AR -
(FRAFE I R 1 BB 2)

MR R - T8R] SEANBEIFFER - SAHEBRBIET A AHRMAs - T
mEAY - RYNBRENFE - ERELEZREMEANE  THEABRHAF SWNBR
BRELELELRAT - KEME - BENBIFREN T BRI - BhtFAER
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BERERMER - Bt RABEET=REANIAERER - &
1EBIER - MR ERNER - KTPERESAES  SEARNAYR
VEE TREAEMNIRR -

ERBEAKEER
BENEREAAE

BarEE (2011) 122 [EHRIEXFHEAREI AT - BARRHFENER - &
RERHBRFSENEETRE  BEAHECHEEAR] - BRBAESRSIER
ERNACRNE  TEEBEMBERARELABA  BHER [AX2%| - EHE
BEARBIEHBNEAEHRHTTE  FRELEEBTRETRIESR KA ERSEM
BAMEEN KRB XTEBREMMEFIRE - BARTENFANG - BEBENBIE
BIEREANSEERR - A - EFFREARETE  FEMEHEREEEANER
B WiRSEEM -

ERESSIEHSEZESLETENEE Bt Hi S22 EMERE
(Nehme, 2010 ; K7 ~ @ISR - 2011) - TESEBBREMEE) - BINZFWEE
F a8 T SAMRER R H) [Redefinition] (SAMRAE#LH Dr. Ruben Puentedura $2 i -
NS EFHEAERRELER EAHKSINE - E—E A [ER] (Substitution) -
R ASRIA BRE%REe : FEAR 7] (Augmentation) - BHEK A
BRIA  WRHEaEMEMNE  E=EA [E K] (Modification) - ERRHEE
HRABATE  FHEA [EFAIE] (Redefinition)  RIFEERNEHRES » =W
BHEMIELRE) - BEBHIRTRIGEFR  BXEEMBEENESR/ Y- 5E2TER
TR EGHENRS - AE2EREEHNSIERR  LINSBEN2EET - BEAERAES

BEHEE -

EREESEHENERTHEAF - BETZEG0EHEES @ IBA2EBIE
WEXR  MEATETHENEAL - EEHERAFET TPACK #i® (Shulman -
1987) (TPACK s AZRIAE - HEMBIRHEMB=EMNEE - = ETHSE - &
BEAFHRERTFUEE) @ AAMEE  BETEMNERANENES - RBEREFER
MESWHEEZAIRABEZBE R XHBI - ZRIA]FABHZRXEE (Broko & Putnam,
1995:Nehme, 2010) BEEFIRARE At - ARBF A LR B IR A —E 1
IEE] BHTAE - (EEHEREE -

wsRst

MEWEME [EREEHRELAEEEHELREXNEIE? | ARETHT
AR BA I LRS- H 384 - FNMF 14 E 16 5% - ERTAREPIHR VR 18
F ~ EduVenture VR #{+ (EduVenture VR Z# A BB X A2 EE BIEEBHS O
% SR SEMFEES (Composer) AR BRAHE Bl FHLERARER -
BLAAINEZRAL2MN [FINEERE] - iFTE S EduVenture VR BEEBERE - 2
FRMLER - WEEFHEE - A2 SRR - FARFHEE - REAF e EHT
RIBENBRBERE - AWES) - R0 E - AART - BETHASIET - RRELER
ERSERMGE - RERABKEIERE )  SEIER (R 3) -
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EEMOITBEY  BEIDEDAEMHREN - BUEMEREELERAT - B1E
MrARRERHEES (RIF4) MBIETER (RKfF5) -

BiLam

RRAERZLENBIERRETE LN - P BEERTA2BENLEREM
WRITEAER  KMFEBEENBIERR - o —ERBET  FBAIRTXR -

s H & 2HEER

1 BT EXEEEn
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FRENTS R -

BERRERAE (2017) - (PREXHEBBEHARIIZES (N—ZFX) ) BB
BFEBIFENRR o

EEREERZY  BEEALTZE (2015) o (HBIGEXERE R AES (FHE
FR) ) o BE L BABNEKR o
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2017 | RZEUEMEEZETBRIE - AMATIE A  HEHS -

2016 | RZEIEmAR X - EMHE -

2015 NV BETENG AR A BEHE -

2014 (ML BETERNS  WRF X HEHE -

2013 [N EBERBETENGE © NATR - HEHE -
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- [FRESEROEBEMEE  aREUNTDESENEY T2
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- [HEYRHRFENE - T ENBRINEET

- (ML= BRER SRR
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- [P ASE R - BT - FEAE

- [REFERT - RETRGEBERN - KERZES
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fifF9: BLBKBESHAEER

“Minimum_Maximum _Mean

1
01 REBVRETILATE, $7hE, 20 a0 3 I
02. LA METEVREIERSSR DR C R AR, 3.0 40 21 -
03, FATIE LA A VRES ISR b Sy KR, 2.0 TEETIEN 2000000 s
04. FRAE% B RVREEIIEH N 2, 20 420 w1 -
05. SHLAVRE R AT 0 AR AR IR 3 . 20 40 35 1 -
06. T AVREFIAT N E YA RIS, 20 a0 [ N -
07, RIEBVRE SRR PTH FREED, 10 0 [l
08, RISVREHEE, AT TRESAME RN, 20 40 w1 I ¢
09, RELKVREEN I8 T RORIE, 2.0 20 sz -
110, FRE2AVREG (DRI R ES O R (LA A, 20 40 35 1 -
111, TR BVRECEREIT N F 5 BB, 20 40 36 1 -
12, BN TR B RVREER, 2.0 20 31 -
13, REBATEVRE D, RARENGLIE, 1.0 40 zu[ 1 -
114, RAGHVRESFIRAL EFF RN SRR A 05, 1.0 40 3291 4
115, RIEALESRVRITING, BATIELAE RO R R, 20 420 o1 I ;|
116, FREEH EAEVREEMASER P FIESS, WREMEIE, 2.0 40 35 1 -
117, SEBAVREG A BRI IES, 20 a0 [ ¢
118, FELAVRECHEMAEESH MR, 0 40 337 | 1| 4
119, S8R AVRELHFRACAr 0 S R I SO B 18, 20 40 e[ NN -
120, REAWIVRET B FIRREH DR, 20 40 347 [

M 10 . BEFIERNTSER

Question Minimum Maximum Mean
O1. B R R R R S S HE 7. 2.0 40 324 | 1| 4
02. 845 R RURAFEOFA E LGRS, 2.0 0 31l
03. BLAE fE GBI S22, 1.0 4.0 3.0 | 1 [ 4
O4. 525 A ARERI 050 S LR AT LI, 2.0 40 3.3 |1 4
05. B4 A6 A5 £ MEH S IR EURL, 2.0 20 251 232
06. 525 Al ML /IR Y 4660 S LR LR, 1.0 40 329 | 1 4
07. Bt AT A S i g S BUR T PR A 0, 1.0 40 o/ i 4
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HEERAS
(BERBBAER YHELN K "7TEYH
NI RAEHBHRBRR)

Bl - B85 - R - mEH
B EREHHTE

WE

EHRERRANHEHEREX N REEMNEEEFRNE TEETE2EMEM
RBERMIRS| 1 o B BEFHBEE FEMBIELAS A - I8 - ETEI2BK
W2 IR P BREEERE - ANXITEMR S LBiBK [ HEEREE) (Mathematics
Experimental Activity) | BIARE - US4 ZFHRERELRHT - BENAEH
BAR [HAHREE] 84 [MEEEE] - ZNACAIHRBEYN [MHEERE] &
7 [H#E1EE]  RIREHEREEFIIER -

F7-Y
wB oM

ERABNNZET  KNEHEHEEARZ H DHMERRIARR ST OHER
N EREAGREETIHENFENEE - BOIKE - B PEERANTEMNANTHE
FEF - MPAREZER - & [IREIRIT | MORESEFTHREHHMBRENDHEE
HEERA o

RIS - ARfER [—{RRE) a2 BUASE NBERSRA - IR — IR A DR
ML - HRBRLRBERE TR  ARWEABEADKERRAF 1 (2B
7 (Rich Tasks)] WHBERBARE - REAKES [LHER] OTERAIER
ERHSOERT  FBHERLEY  AORERLLBER -

FEARRITEHGEF - HFIAP =4 [EFN (Identities) ] RE[/EERE @ &
I AEE - TNREDNSLESEEERRE DL FRLIREER o STEIRE -
BOE=RERHA (fE2) R=0REIER (k4 B —SZTERBME
RESEZR BRI ERHEEARNAZEHEMEE - ERERMUSEALE THS
BANERGS  BNEREDELL NRE] ER [B/M] -1t [BR] £R 8] -
RIEF - HATFEEEERECRMEBENEREHERRINZ -
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RS

(MR E | bt [IEEEHPE] « [HERTE] - SESERNMBNES
BAEBRIEFREESHE THE - REAENLETAHE EENEEHBRESTHEE
HmAEBRZEMKEMER (Dewey * 1916 & /2001 :2) o

EHEERRT  SEANGEHFRIE - R —ESHEENREREN —E2H8E -
AHERASHERER  EXEROREAE - HARARTH T ESFEERINETS
D ERAEE FEAFEEENGTT - Tt FEHRXESIRE @ EMEREENH
BEBEEK - EMEH2MEIBEFESGD - BHEERABRATENAHE (ENE -
2012) - BBEFBRRR  BEMBIL T EMBHBAHEMMABSKGEESE - MAREH
BES2EREBEEFEEMNANFHMCHEEMINAEE (7RI - 2006) - BERRAER
SRR FAENINIBIRIR - T REABBELCKETETRR  SBNEFREZE "BE
IES" RELE (ZHE  2005) °

ERREATHNHEZER - BRFEIL  BECER  SRELEHBEEREH
RN  FEARNEGE T BN T  KERE  IRIRERET - &
SERERAMKNBETHRHEBNEIEESR  EHENHBEERRARKENIE
B2 - EMRNARERL - AR SBELETHRSEWBRMHAREN BBV (8
K - TRUE 0 2007) o RRITEMATA LRI = EERIGBHENABIC - BIFLE
B ABBRESBEREEBLME -

EHEBETIHLER - HERELRT  ARER - AELRN —EEHREBE
(Dewey * 1938 & / 1991 :2) - HBEALREBEE_SM - BAMNEEHE (/N
BYBHEINABHEHRE)  HEHLERA @R ASEEE - ZEEEBLRE OF
BE - 2016) - ER 1912 FOBIBRBBHEAREG L SERGTRIBE [HEHEHRS
PHEEHER]  HEERHERCAHEHE AT @ THEAR - LERERAA -
EEENERLMMER  BHRETEZE (Herbert Spencer) FTIZIERVZERRL (] - BEE
KEF (John Perry) FIg iS22 ERAMERE BEBRHEIHENEEE - 25
ERTAIBERTT  REMNTEMBEERLNERER - HR&RS A 3 ERE - 1.0F
BERHMN 2. THEE  BRERHBNWIERIEUS : 3. FEEIEHERE o

IREBMEARBUDNEETHE  BEEBBRTHERAARRERRIEXE 85
SIBBAIRLES  MWAIRMNER - BEAGEHIARTEENBNTKERE - 58
EEAMNEEESERENERNESEER - BERERKRAMREES ERRRE
B BERTHMNEREN (EHE - 2009) - ROIBIRMNEERES - HIEESE
EANMBERMBAKY - SARREEHEEATENEE LR  REFSHEIRMNIE
R RERERER  RRENBNERMT TR RROHR -

FEHNXBRRBEERMEEFE AT - AP BN HREESFARE
ETHEUNERBENERRD - AR PIR EE2ERITHNE 3 HERTES
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ERAE (BRIUEER "FHEAR R "mE2TALN" REHBHKBIRTE)

ERFZRBESFANEAEE - B2 RMUERZETEFRABNELEMEBEDL
MEARTOEERESORREZEGFELRRE - B R ki - RRITEHRRIFRRITRAE
BAF - =—EERRSTHEMELT - AR TEERREANEE  EEZHLREA
BESRZR AN REBERLY  AEERNE [DEREEREH] -

HREF=E

R REEAITE T ST - RS B2 B EBRHZE (Mathematics Experiment
Teaching and Learning) | I AL - IREB =ZEAERIBRAZIHEANS -
EERTDHEEENERHAMEETI R  EPELRSAERMEER [THERQ
% (Difference of two squares)] * [5E&F AR (The perfect square)] - WiE B
SHEEYM [Desmos| (Mi%%3) ZEFE o [Desmos] EREEBHBFE - 5818
ARETEBHNEEBAERRMTEMEE  HEEMERSHESEANERBLHEE
HE o PRI BERHE -

G B

1. BERREBES [FHERAN] & [Z2F LA fMERTHRERARBOBER ?
2. ELIEPRE LBENEBEIRIE?

(AR | RERBERIMEILOP _BERORE  MEBELFHEER [THER
X B [Z2FEHFRR] BEZRENZD  TEEAHBEE FWERER - LRHEFR
B SEFRZ24E  Twe el H#ESHRBAUNQARABER - BIEEMER
FEEXE [REHEE (Distributive law of multiplication) | + [#E&F# (Indices
law) ] BB -IAREFRUREALBAERY T —@AEREE ([BEMLR] - [HERBA] -
[BtR)FEAR] ) - ZERIRERHE LAORGIRSBEENENZR  SENREL (ZEE
1.5/N\F) REBETEROMEERES - TR HANNSEEHETRMNEREBAE
& HEET

BE B4R B BE —ARAE R BE R A
BEMHRER BEARER BHEEAER
BERBRER PHEREAER BERBRER

REPENSERBFETEENMEEST - MR R REERRBERHEMS
Z AR

MIESEFTRIE AR BEABINT (2 —EERABERFEATKES D) ¢

A ERALSNESEN] BEN —ARAR BE N A
2016-2017 16 25 16
2017-2018 16 24 17

HE TR EER
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B ERAMOMN

BEME PABRETFER LNETERERMR - YK ABRE - EXBEABRMNEIR KL
2R X FRRERE ) BN IEIEAR IR [ERE) |  E=EBREPHEEAN A -

i EEBRILIEA LT IREIR - HEEEERRE IR ARRIE ERERET
TEBIR | s aniesy - S 5B M\ F - BB e 5 B0 IB T B LB R R A8 5% A AL
BB mapeETA

PHEREA | BAERB BRI TRRESIPHREARM - AL ERMHIRERR - SAHEARHRBER
' A BERBEE  BREEEAE [ERID | FRHE -

EERADNIE L - RFEENBREARNNSEEAETREREERANER - R
hH BN —RAERNNELEHELER [BE]  BRETHEEMRER LM EE
RMBLREFETERMRER

e X
x PR RS e
sEEs
.. pEREEmmELE SANBEAEHES
RBERE | T 15 Hi) (TR - 15 558)
s ELPREIRBLAA LR RmEER BEAE
FITAS |z gypoe i T4 CARMNES (TR - 55 548) [( TR -+ 40 548)
s B Desmos TR IES REHAE LA T (A LR
ERHAE | 2T miR - 15 58) (THES - 30 548)
- S remm e e e - A ERBEEATEEL
mERE  [BRSKRREESRUERIRERA 658 |00 KIEES
£ [BEERHES | HAF [EHANE | SXMBRH Lo
(HERBESHI 1)
MREBBANXITEE D AUEREREST BT :
e A FRAE
017 F 125 BREal (BERREE] HEERE
mEsEEl |z SRR AR B A R A RS
2018 F 1 A |ETired
BN BRERAE] WES EF FOTRPEEREE
sEmEBH
MEEE 2018628 |[EE-ERBHE (—EHELEEREG  HBRABITEREME
1 = ARIE) RIS T
JEEE 201844 8 |RF - BRMETLEBOREEY - LRSS — SRS
=8
ZH [RERS) B8 [HEEREE] TORERK
20185 5 |5 TLERA] - A FEEE  RBER L ARER
BEas = T RS s
2018 F 7 A [IBREHIAHRE
REERT 201828 A B LB RTRE

R ETEINTEERNE D ETEER
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REFR —REARNBENES —EERBENERTKE - B EBFh — HRER S
£ (AARSFR=ZF2E) Wb —ERESFHAFRERS - BASMILELEILEE
BB — R NCFARE o AWTTLA [TRERIF ] A TR B | (R RS - [18
FAH] (W 5) AAREBBHNFBEF G - FREFHERAROFENEAR
HMEME - [REANA] BENDERBENMEST —HBL - EREERHERA T
AREEYERBHBEA T PSR EAELBRA it -

ERERA] TEAFHEEHESANTRERS TS ARFEN - THILREHRS
YRR ETNFEREERRART  RE2RT —_HELREE - GREESANEER
BRIER - ARG REET _RELIFRESHAS Tﬁ@*%iﬁ%l%a peR 2 B R
HER - WHETTHE A - THREHZMNH B RS HmRE

HEER
ki BE N AR A BED — AR AR BE N R A
2017-2018 & 181.27 121.47 98.24
2016-2017 /& 182.13 124.76 101.43

i’%z 2017-2018 BER_KEBET 2016-2017 BEP ZRBAE AP — R ERIIRETR
& (ma @ 300)

EREBEREEMES = iﬁﬂiﬁz’EE{ NRIRE F 4 5 B T A AR — HAR B B
b o Tffinl A MES AR TA T —FERSEFEBHEKEZMAER  EShaBEEF
RIERMFRERNRER 2 — °

2Bg BE HEE R B8 — AR R BE iR AE R
2017-2018 159 = 92% 69% 41%
2016-2017 J@FH55H &K 86% 55% 40%

BHEEHEL + 6% +14% +1%
o =0.05 BE N EEMATR 85— AR R BE B EE R
t & 1.58 2.22 2.80
ERE 30 47 31
t FE 2.042 2.012 2.040

=M REAH (FREFETFGEUR 1) KR

B BE N ERERR B — MR Be W BEA R
2017-2018 EFHBEHE 86% 58% 39%
2016-2017 @FHEH =X 82% 54% 37%

BHEHHEL + 4% + 4% + 2%
o =0.05 BENEREMRR 85— R BE W B AR

t & 2.00 4.45 0.70

BHE 30 47 31
t A& 2.042 2.012 2.040

*E REANR (FREFETGEUR 2) KA
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MEH —SEMERNMOFENMGIERER K6 - FHEMMSAR 1 M2 951E
ETELHESANEREYER - RBEXRMN - SERBENFHES XHR LERS
HFEEN RS EPEN—RAFNNBEFORIERS @ HiB 10% ° t REBHER
BN - e —RAERMBENHBEAER N t EHSRERAE  RRERHEHEMASZE

MAREELTBREEZR - RERT  SAHNBENTHES XAEHER LERSZHNFH
Boxs  EREBIEBIULKENG 1 MERNEE - teBRNERBETR - seh—K4A
B tESRRAME  RRERBEHZASENKEESTREEER -

RAEMRRERBNKERE AR [BE2ERHE | Y — 2488 [HEA |
s B EPBRNERTE - 88— RARIN B LR G 1 AT IR MBS BT
H2HMRETTIRAR tRBHEREGA : [REERHYE ] BRPEHBLEINEE
MEEBHEK - RAMEROTHEREBR - — T HBEREEATR/EAXSE - EZRE
EREM = GRARBESAETER » HE LRMBFREN G 1 K Z— kM - FEFHE 1
MZZARSBRBERRELEREIA - MIFENE 2 MIRLAEHBERRELRREN
MEEH  AIEXBLESBRRGERCTE -

ARBEFHE AR R A AR BERGR A ZEENTT X - R AU E SIS AR
HARKX BEEZ - AEKELER - NAAEMERNGAASE LEh —FEM
AR - BHERE  RAESFARENFTEH -

RIBEXRN AEP —S2ENZARENBRAANRBEEN LET -84 - e h—KRAE
RINEBERGETTIRESD 6% BEFHIN AR - RAVE—FEIR - KNEseh—RARN
SAMP - HRKEHE L ERARNSENT —BRKAER - BEREEMRFENG
AR P ERZRTAT - RfERE N —RAERBENTIEDRITREBRLE DR - ERIE
D INERSBKTE o tirlri iR - BE DB RIFEE S —ARAERIE t BT SRERE -
ERHFEBHEMESENNEELRZUZR - REFINZER [HEERHE]
BATER [EEN] RENRAX miHE

BE W BIEE R 85 —ARAE R BE N iR
2017-2018 S =E 70% 51% 32%
2016-2017 @FHBFHE 66% 45% 33%
BREENE + 4% + 6% -1%
o =0.05 BE N EEER 85— AR R BE W AEEAE R
t & 3.16 2.79 1.30
BEHE 30 47 31
t AE 2.042 2.012 2.040

RN EBERR (AREEERR) BEDT

REMBRERERIT - EHREATSE [BROERHE] 2508 - FRARIS
BRI RENRR LEREA - B [BRER] REHFEABUIR - 2
EEERANDFHERNEXBBHE - eHRDOALENSE  RARERERS
BAED -
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EE | mmes | ws — e | FEE
EBEE (BHEEER) rRz | THRE| FE | BB | g2
1 2 3 4 5
1. EBHFMERIBIEFR - FREERME - 0% 0% 0% 37% | 63%
2. BB [HEER]| RE - 0% 0% 6% 38% | 56%
3. BERN [HE2ER ] RERIEGHID ° 0% 0% | 19% | 81% | 0%
4, BREBEBFHRERERITHAEZTEH - 0% 0% 0% 31% | 69%
5. BB AT ME BRI R ETHER B o 0% 0% 0% 25% | 75%
6. BRE [B2ER ] REERREARESED - 0% 0% | 37% | 50% | 13%
7. RRE [HEER ] REFHORIRAANRIKE - 0% 0% 25% | 63% | 12%
8. ERFFARKRE [HEBER| RE - 0% 0% 25% | 63% | 12%
HE | rma | = S | FF
ARE (0 —Ras) ARz | TPE| B | FE | s
1 2 3 4 5
1. EBFHMERBER F FEEEmME - 0% 0% 12% | 21% | 67%
2. BB/ [HEER]| RE - 0% 8% | 13% | 63% | 16%
3.HEN [HEER| RERIBTHFL ° 0% 0% 25% | 25% | 50%
4 ﬁza”?%%b?ﬁﬁz,\%gﬁhﬂﬁgimé 0% 0% 33% | 50% | 17%
5. ZRAEBTFMERIEARY SN EK - 0% 17% | 42% | 37% 4%
6. HRAE [HEER] REZRIEARESRED 0% 8% 50% | 34% 8%
7. HRE [HE a%ﬁJ REBMBIRAARILE - 0% 8% 29% | 50% | 13%
8. BEEARKRN [HE2ER] RE - 0% 0% | 25% | 67% | 8%
T | mm= | w — e | FEE
BRIE (A REER) rag|TRE) BB | FR | G
1 2 3 4 5
1. EBFHMERIBIEFR - FREEIREME - 0% 0% 47% | 47% 6%
2. BBITA [8BER]| RE - 0% 18% | 41% | 41% 0%
3. HRER r%@%ﬁ%’m REREB BT 0% 0% 17% | 71% | 12%
4. BRRBHFMERERIEASLTHK - 0% | 18% | 18% | 59% | 5%
5. ZRABFMERIRAREHEERK - 0% 12% | 29% | 47% | 12%
6. BZRA [HEER| REZERIEAREESREDL - 0% 6% | 41% | 41% | 12%
7. ﬁz?ﬁ'ﬁ (S E2EE | BEHBBRIBFARIKE - 0% 5% 59% | 24% | 12%
8. RHIFARAKN [8B2ER] RE o 0% 0% 29% | 65% 6%

mt: [HEERYE | 2HERAE[HEER

BN =ENREDARNBET D EMEETHA - FELERAM T AF2
S4Y [HEER] RENFE - XFE-—DNER [HEERID | AFERE  HGFE
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$7|\' EFBRFM [Desmos] MACHHRE R RMZAZFE - HAEHLIREESE
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AMBENHERE—HRL [HEER | RELBIK - B ERMMIEEZAER - MAE
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BEACHTRIE - L NEARINSE  RERA—KERESMENE LRGBS
5 BEERMS - BLOMSHRE  RRERAEIZENSERL BB REYIR
F o BBEEMME - HREANRRER  MEHSRE TR ERRES -

REL AT EBHBNBRNRITRR RN MEE - ZRIAIFTE MR [5/85E ]
BAE  BENNMNATETERES  ZMERRMIES  RET [£4£58] & (6
£EH] - ZfIN=EERIDRFLHERESESEZRNTR - ENIWENEE
REEAK — L ENER - BoIBSNBEERMD [—A2E] - RACZBEE

ARMBACHMERE  BREBEAEL - TMBEMG - EREZGRBESARK
B IOREE] -

i RR

KABUEREMSN AAREE TEF Z_RE [BER] RELERA H2ER
#H 2, (Mathematics experiment teaching mode) | & [{E#H# 2K (Traditional
teaching mode) | BEAFRHEE o 2 B RFEAEERAMNERREL - 84 % [
FEAR] A [Z2FFAR] OEREHE  AXRABRBERATSE THENRS -
TRMBHBENERREHRERRER BAZHBEIERAIER DT -

RRITBAFERER—ERS  RARFEHT _HENAB LR EEFAEM
HE) o FOMRAMFFEBEZINHEEAMEIHEMTE - EARNE—FOTEHTD
HAIEN [FERER ] RE - ERZMD HIREREXNERRARE BT E
HAKR - BROMR—2FREA L ESIE - o AR EFHMAERR LI EUE -
LEBIBEON LHMAEE - 1o BHEEERD (AHEERR) DERE FESERERN
AL EEMBRETAZZEE EERERED  RABFBRTRAENEHNRE L -
HEMERNBEEFINE LR ER TIFR - WO EBFTMER - HEERE LHIE
BHETR  ESRERTFEANR L BF TEZLE - AAREBRELEHBER
BEERFEER  BYAEBERRENAE -

EERBRET  HMABRETAREHIZEA [Desmos| MESERETERIA
PERRBERFBEZBTHIE FREFEZRERER  EESELENEBEFTA
BARER T NSRRI - RENSBSEGUTE -

EARRITRFFTIAEL - BAESRABEEIBENTBNRE T EZHNRE - LR
VEFHEMRE [Desmos| MEABERMEERERY [ERUPERNA] & [E7HS
B BRI A EHEE - RELHTUPDEREGEESRE - AEXBILH
BERTALE [ERTEHAER (computer experiment) | » RMREEF 2HEER
RELHEBIZENEGMELNERZRRA (BEA - 2016) - HAFESRERTL
FLZREBAHTHERNRE - 2H [BE | A2E2RBRTOMA - WEBLNR
MTTEMT AT SIFE — IR - BREEXTHMANRRIEEBHE - AXEHEB
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ARRR [ERHEEN] ER [ERHEEN] - RFAOREHE [ERHEEX] &
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M$% 3 (Desmos HZEFER)

BHABR

(a+5)?

a +ab+ab+b"

(a—b)2

(a—b)(a+d)

BBMhE

ﬂcﬁ;n
(a+5)? 53

> R S
a +ab—b"—ab

B oy oS
a“+ab+ab+b

(a—5)2

(a—2)(a+d) N N
- ﬂoﬂ -

o

+

o
e

—a—sie-h-

a+b . .
(a—b)(a+b)

k— a+b —

a” +ab+ab+b"

130 HERERSER



Bk 4 (FPEBERTHEHK)

1. Quick Review

1. Expand the following expressions by polynomials multiplication.

(1) (a+b)a—-b) () (a+b)’ (3) (a—b)

2. Fill in the blanks.

a a
? b
a b ”

The area of the above square The area of the above rectangle ~ The length of the line segment*?”

y 2 D 4 D

b

a
E
a a F a
B a F b C B a c
The area of rectangle BCEF = X
The area of rectangle ABCD = x

The difference of areas of square ABCD and rectangle
The sum of areas of square ABFE and rectangle EFCD AFED
= + = —

So, = So, =




BEERHUE (BERHUEEN "FHEAX" R "R2Fra” RERBORBHET)

2. Let’s do it

Experiment 1. Folding a piece of cloth

111 11

132 HERERSER

b

The cloth in Figure [consists of 4 parts:
(DThe area of square 1=

@)The area of square 11 =

®)The area of rectangle 111 =

@The area of rectangle IV =

The total area of the cloth

= X =

So, =

Fold the cloth in the way shown in Figure2,
The area without overlap =

X =

The area of this part can also be represented

So, =

Fold the cloth again in the way shown in Figure 3,
The area without overlap =

X =

This area, being a part of the square of side a, canalso be
represented




Experiment 2. Splicing plastic sheets

It is given that:

(1) Please show that (a+b)* =a’ +2ab+bh>.

(2) Please show that @’ —b* =(a+b)a—b).

(3) Try to show that (a—b)* =a” —2ab +b” using the given graph. (Hint: Plastic sheets can

overlapb

Alternate method:
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Experiment 3. Assembling Lego Bricks

a

Assemble the Lego Bricks in the way shown in Figure 4,

we have:

a X = + +2x

Y Y Y

AN AN N AN J

b

\

Y
NN AN AN AN U
Y Y Y Y Y

r Y Y Y
SAA AN NN A

Y Y Y Y Y )
NAA A A A Y

Y Y Y Y

NAN AN N AN AN U
Y Y Y Y Y
N A AN N AN AN U

>
N

Figure 4

Q

In Figure 5, before moving the green brick, the

total area of the red brick and green bricks

N
Y
A/

|
1o
b
Y

After moving the green brick, the total area of the

red brick and green bricks is

| (“changed” or “not changed”)

The length of line segment “?”=

Q
Y Y Y Y Y
O O, O, O
Y Y Y VY Y Y
NN A AN AN
Y VY VY Y YV N
N AN AN AN
Y Y Y YV
NN AN A

Y Y Y N
NN AN A
I
NN A A
Y Y YN

N, N,
2 720 7202

\/\/&JK/

Then, the total area= X

N}

Figure 5

So, =

S

~
4

-~

In Figure 6 > the area of the red brick= X

The length of line segment “?” =

Then,the area of the red brick
= - — -

" Y Y Y Y Y Y
N AN AN N AN A

Y Y YV Y

N AN NN

Y Y YV

VA AN AN
Q

Y VYV YV YV
A A A A A

Q

Figure 6 So,
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1. HEER
1. A% TEA I AR N YIFRER -
(1) (a+b)a—b) ) (a+b)? 3) (a—b)
23R
a a g
2 b
a b a
[ [ TF 7 2R i [ = T 2 i QRPN L
y £ D 4 D
b
a
a a F E a
B a F b C B a c
4T ABCD YIRS = % R/ BCEFfife = <
1EHTE ABFE 81757 EFCD (fifs4E A TEJTT ABCD BT AFED HYIRIE 2 72
= + = —
e > = e - =
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2. BpFi
g 1 IEE

1 fisiL e 4 H5y -
OIFEHE 1w =

@IF )k U Wk =
®EHK I (1 =
@EFW IV iy =

A BRAE Hif

= X =

et - -

feclE] 2 77 A SEATI ¢
A EBI T =

X

Sy R REFTK

feim - =

{RlE 3 T7 U TRBATER -
A EE TR

X =

TERIB R a WIETT P —E05T - 80 I RRESon
%

a [ 3 iR =
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Al

(1) 3B (a+b)y =a* +2ab+b* -

@) #EHa - =(a+b)a-b) -

(3) FIF FEIEEHE (a—-b) =a® —2ab+b* © (FE77% 1 BHRAL EMITE)
b

HAo5%
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figx 5 (RERH 1K 2)

TBEMR 1

Expand the following expressions by using identities.

i I AU R T AT

@) (x+7)x—7) (b) (5 +2a)(5—2a) (c) Bx—2y)(3x + 2y)
(d) (h + 87 () 3+ay (B (1+7x)

(2) (g —47 (h) (4 - 9a)’ (i) (=207
B 2

Factorize the following expressions.

o o o

(a) 144—25y? (b) —81m? + 4n? (¢) 3a*— 48
(d) m* + 16m + 64 (e) 9k* + 24k + 16 () 3x* + 18x +27
(g) p>~ 10p +25 (h) 9¢*—24q + 16 (i) 2x*32x + 128

139 HEHRBEER



Pied Pipers: A gamified non-formal curriculum design intended to enhance student learning motivation for-the recorder

141

Pied Pipers: A gamified non-formal curriculum
design intended to enhance student learning
motivation for the recorder

Li Yun Xuan Merak
Po Leung Kuk Hong Kong Taoist Association Yuen Yuen Primary School

Abstract

Pied Pipers, a gamified non-formal music curriculum, was designed to enhance
students' motivation in learning to play the recorder and develop self-learning skills.
This case study report depicts the implementation of the program. Changes in program
participation, its effectiveness and student perception about this musical instrument
throughout its course of implementation were evaluated and discussed. Results
showed that although participation was diminishing over time, the program had
motivated students to learn and play the recorder. Factors attributing to the success of
the program were examined.

Background

The benefits of learning to play the recorder has long been established in music
education literature. The recorder can act as an extension of the voice, provide another
medium for students (especially to those who do not enjoy singing) for producing and
creating melodies, and thereby help them obtain a more satisfying experience in music
(Burton and Reynolds, 2018). It is also an accessible and inexpensive instrument that
provides motivation for learning music notations. Many children, having developed
finger dexterity and breath control through learning the recorder, can take up the
study of orchestral wind instruments easily as well (Carroll, 1968). The recorder can
be an important stepping stone for stimulating interest in music and enhancing young
students' mastery of fundamental instrumental techniques (Sloboda & Howe, 1992).

Like the case in many schools, playing the recorder is a compulsory task in our
school-based music curriculum at Po Leung Kuk Hong Kong Taoist Association Yuen
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Yuen Primary School (YYPS). All Primary 3 to 6 students are required to play the
recorder during music lessons. Unfortunately, many of them are little motivated and
not well prepared. They are used to leaving or misplacing their instruments at home
or somewhere in their classroom drawers. Playing the recorder is seen as a chore.
Students are only seen practising the recorder when assessments or examinations
are approaching. This indifference for playing the recorder is discouraging given that
they generally have positive attitudes towards music. A majority of them have already
been learning at least one instrument through in-school or private training. Many are
participating in the activities of music-based groups such as the choir or orchestra as
well.

The music teacher was in recognition of the benefits to students of learning the
recorder and their reasons for not learning it wholeheartedly. A gamified non-formal
curriculum called Pied Pipers was therefore designed to address this problem. This
paper reports the implementation of this. Changes in program participation and its
effectiveness as well as student perception about the instrument are evaluated and
discussed.

Literature Review

Gamification is a hot topic of discussion especially about its capabilities in
supporting user engagement, enhancing positive patterns, increasing user activity,
social interaction and the quality or productivity of actions in various fields of learning
(Hamari, Koivisto and Sarsa, 2014). Deterding et al. (2011) defines gamification as the
use of game design elements in non-game contexts. It is often taken as a teaching
approach that uses game design principles and can be used to promote interest and
motivation in students (Kocadere and Caglar, 2018).

While gamification is still a growing phenomenon, Dichev and Dicheva (2017)
argue that the practice of gamified learning has outpaced researchers’ understanding
of its mechanisms and methods. Contrasting theoretical foundations behind different
studies and limitations to experimental designs produces inconsistent findings on the
effectiveness of gamification as a tool for motivating or engaging users (Seaborn and
Fels, 2015). Some studies have reported that gamification could increase learning
motivation (Yapici and Karakoyun, 2017), promote attention and engagement in class
(Khalil, Ebner and Admiraal, 2017) and enhance learning performance (Ortiz-Rojas,
Chiluiza and Valcke, 2017) and motivation. Other empirical studies however report that
gamification has little positive effect on student participation or motivation as a whole
(Lauberheimer and Ryan, 2016; Hanus and Fox, 2015). This inconsistence of findings
about the effectiveness of gamification could be due to the over-simplification and over-
generalisation of the intervention. Sailer et al. (2017) argues that since gamification
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can take many forms and can combine game design elements in many different ways,
the impact of different design elements within a given context should be the focus of
enquiry instead of the effects of gamification as a general construct. Dicheva, Dicheyv,
Agre & Angelova (2015) suggest that more substantial empirical research is required
for generalizing the reasons for the strength and weakness of gamified designs.
Below are some of the commonly implemented mechanics and dynamics identified by
Thiebes, Lins and Basten (2014) (Table 1).

Mechanics and L
. Description
dynamics
Immediate feedback |Allowing players to be aware of progress or failure in real time
Goals Underlying activity adapted as challenge for the users
Rewards and goals whose fulfillment is outside the scope of core
Badges —— .
activities of a service
Leaderboards Display used to illustrate competition to drive competition behavior
User levels Indication of player proficiency in the overall gaming experience over time
Social facilitation Individual users achieve better results in presence of other users

Table 1: Common Gamification Mechanics and Dynamics;
excerpts from Gamification M&D (Thiebes et al., 2014)

In the context of music education, the benefits of gaming as a pedagogical
method have long been acknowledged by teachers. Niland (2009) argues that games
can be an engaging medium for children to explore musical elements and concepts.
Perlmutter (2015) suggests that games are capable of motivating students to master
the content on one hand and promote social skills like patience and teamwork on
the other. Singing and movement games commonly used in music lessons can help
students develop location coordination and awareness of free space as well (Hart,
Burts and Charlesworth, 1997). There is increasing interest for research on the
application and effectiveness of video games as a teaching medium for music (Margoudi
et al., 2017; Chow et al., 2013; Gower and McDowall, 2012).

Pied Pipers is a school-wide game-based non-formal music curriculum model
which aims at enhancing motivation for learning to play the recorder, creating a
musically engaging environment at school and helping students develop self-learning
skills through gamification mechanisms. It uses badges and a flipped classroom model
to motivate and assist students. Students are invited to “challenge” music teachers or
trained student-examiners stationed in the music rooms during recesses by performing
set pieces. When a student successfully performs a set piece, he or she will obtain
a badge in the form of a collectable Pied Piper Card. This program targets students
between Primary 3 to 6 as recorder performance is a compulsory element of the music
curriculum.
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The pieces set for students are transcriptions of popular music coming from a
variety of genres including classical repertoire, folk songs, film music and video games
etc.. Several of the teacher's original compositions were adapted for use as well. All set
pieces (Table 2) are specifically arranged or composed so that the techniques (such
as fingerings and tonguing) and subject knowledge (such as notation literacy) required
to perform each piece correspond to the scope and sequence of different grade
proficiency levels in the school-based recorder curriculum.

g\rlaeclie EETEENEY Primary 3 Primary 4 Primary 5 Primary 6
Repertoire *Piano Sonata [*Syteki Da Ne *Girl with the Flaxen|*Habanera
No.11 *William Tell Hair *Saria’s Song
*Autumn Scene |Qverture *Pilgrim *String Serenade
*The Celebrated|*Hallelujah Chorus |*He’s a Pirate No.13
Chopped Waltz |*Spagnoletta *Spring *The Entertainer
*Old Jeremiah  |*Symphony No. 1, |*Walking in the Air |*Colonel Bogey
*Crescent Pair |Movement Il *Arirang March
*Ode to Joy *PLK School Song [*1812 Overture
*Mute City *Gavotte
*Endless Love *Morning Wood
Required Fingerings: Fingerings: Fingerings: Fingerings:
technique E4, G4, A4, B4, D4, F#4 C4,E5, F5 C#4, Eb4, G#4,
and subject C5, D5 Bb4, C#5
knowledge for
performance Rhythms: Rhythms: Rhythms: Performing pieces
(accumulative quavers, dotted rhythms, semiquavers, with key changes
throughout crotchets, anacrusis, tied syncopated rhythms
progression minums, dotted |notes Performing pieces
of scope and minums, Performing pieces |with chromatic
sequence) semibreves Performing pieces |with accidentals movement
in canonic motion
Performing pieces
with disjunct
melodic contours

Table 2: Repertoire corresponding to grade proficiency levels of school-based scope
and sequence

The flipped classroom is a teaching model where the learning of subject content
is shifted outside of the class, to be followed up by the teacher in class (Backlund
and Hugo, 2018). Although not intended as a part of the formal music curriculum, the
learning process initiated by Pied Pipers is comparable to the flipped classroom model.
None of the recorder set pieces have been taught to students during regular music
lessons. Instead, students are expected to learn the pieces on their own before making
an attempt to “challenge for levels”. These set pieces are posted on walls and bulletins
all around the school. Students are invited to practise playing their recorders in front
of any Pied Piper Poster during recess, class periods and after school. To facilitate
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effective self-learning, fingering charts are displayed at the bottom of the posters to
help students identify correct fingerings for notes in the set pieces. At home, students
may also visit the YYPSPiedpiper YouTube channel and practise their skills with the aid
of play-along video demonstrations.

€ v cole tps/[wannyeutube com %

;*’**TR PIED PIPERS

7//|EA
YYPS piedpiper .

I

o fed Pipers Level 10 - Saris's Song
TSI Pied Pipers Level © - Theme from String Serenade No. 13

Figure 1: The YYPSPiedPipers YouTube channel

At the challenge booths, if a student fails to perform a set piece adequately, the
music teacher or trained student-examiners will help him or her play the piece again by
modelling or vocalising proper fingerings, pitches and rhythms or by using other proper
techniques. Students are free to visit the music rooms and approach the examiners for
extra tutoring even when the challenge booths are closed. The dynamics of students
learning set pieces on their own with resources provided out of class and receiving
individualised assistance from a tutor resemble those of a flipped classroom.

Children possess a natural motive for collection (Baker and Gentry, 1996).
Pied Piper Cards are designed to appeal to this natural desire in attempt to motivate
them to participate. The aesthetic composition of Pied Piper cards resembles that
of the collectable cards in popular trading card games. Each level is associated with
the artwork of an original creature presented on the face of each card as well as the
posters of set pieces. A minimalistic design was used, composed with simple strokes
using only the associated colours for its respective levels. The level-specific colours
are intended for helping students identify related materials for each level at a distance.
Each card is named after a term commonly found in classical music scores, and shows
the name for each level on its faces. The back of the cards allows students to write
their names, class and class numbers on their personal collections.
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Figure 2: A card and a set piece design

Methodology

The Pied Pipers Program has been operational in three phases at YYPS since
March 2017, with each featuring different game mechanics. The present action
research study started at the same time with the following questions in mind:

(a) How did student participation in Pied Pipers change over time?

(b) How effective was the Pied Pipers as a non-formal curriculum in enhancing
students’ ability to play the recorder?

(c) How did students' perception of playing the recorder change after the
implementation of Pied Pipers?

Phase 1 (March 10th 2017 — July 7th 2017) featured ten set pieces and Pied
Piper cards. Set pieces were arranged into levels. Participants had to make challenge
attempts starting from level 1 and progress towards level 10 sequentially. Each student
was restricted to only one challenge attempt per day. The level achievements of all
students were displayed on a leaderboard mounted in the music room after daily
updating by the music teacher. Students attaining level 10 by the end of phase 1 were
awarded a new recorder. Details regarding rewards for various levels of achievement
were disclosed to students in the beginning of the program.

The release of set pieces was arranged to favour sustained engagement and
participation. During the initial launch of phase 1, only levels 1 and 2 were available
for challenge. Subsequent levels were released in 1-2 week intervals. As a final
attempt to attract new participants, an extra level (Level EX) with no level prerequisites
or restrictions was introduced two weeks before the cut-off date of the program.
Throughout phase 1, students were only allowed to obtain one copy of each card. This
measure was intended to boost the novelty of Pied Piper Cards, prevent the lowering
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of participation rates caused by students trading or giving cards to their peers, and help
students develop an awareness of the need to take care of their own belongings.
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Figure 3 Pied Piper cards released in phase 1

Slight modifications were made to the game mechanics of the program during
phase 2 (September 29th 2017 — March 2nd 2018). First of all, the leaderboard system
was removed. All cards released in Phase 1 were made available. Students were free
to challenge any levels without level pre-requisite restrictions and obtain multiple copies
of each card. In addition, new cards with designs based on festivals celebrated in Hong
Kong were released monthly throughout the period of the program. Students were only
allowed to make one challenge attempt per day, like the case in phase 1.
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Figure 4: Pied Piper Cards released in phase 2

s

Essentially, the game mechanics for Phase 3 (March 14th 2018 — June 29th
2018) were identical to those for phase 1. Students were no longer allowed to
challenge for previously released cards. Instead, a completely new series of levels
comprising 11 new set pieces and Pied Piper Cards was released, and the leaderboard
was reinstalled. Students were expected to progress sequentially from level 1 to level
10 once again. Those who could attain level 10 by the end of phase 1 were awarded
with a new recorder. At the onset of phase 3, only levels 1 and 2 were made available
(Figure 5). Subsequent levels were released once in 1 to 2 weeks. A newly designed
extra level (Level EX) with no prerequisites was released two weeks before the cut-off
date of phase 3. Like the case in phase 1, students could only obtain one copy of each
card and make one challenge attempt on any day.
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Figure 5: Pied Piper cards released in phase 3

Throughout the course of the program, any student who was capable of
performing a set piece had to sign in a registry which gave his or her name, class and
the Pied Piper Card that had just been obtained. Recorded information was uploaded
to a database for analysis. Changes in student participation throughout the different
phases of the program were then examined. The effectiveness of the Pied Pipers
program was evaluated by analysing the card acquirement record of each student.
Since each set piece was corresponding to a grade proficiency level in the school-
based recorder curriculum, card acquisition records could show clearly whether
students had been prompted by Pied Pipers to perform pieces that were well above
their grade proficiency levels. Perceived changes in students' mastery of recorder
techniques in relation to the grade proficiency level and scope were then investigated.

A questionnaire regarding impressions for the program was administered to
participating students (n=189) and non-participants (n=245). The teacher's observations
throughout the program were also recorded to provide additional qualitative data about
the implementation of Pied Pipers.

Findings

The study revealed that 55.2% of the 507 Primary 3 to 6 students at YYPS
participated in phase 1 of Pied Pipers (n=280). In phase 2, 41.7% (n =213) of 511
students participated in the program. The participation rate of the same student
population in phase 3 was 31.7% (n=162), and the player base shrank throughout the
three phases (Table 3).

Primary 3 Primary 4 Primary 5 Primary 6

Phase 1 72 52 82 84
Phase 2 79 49 56 29
Phase 3 61 40 47 14

Mean 70.67 47.00 61.66 42.33

RSD 12.84% 13.28% 29.47% 87.06%

Table 3: Distribution of participants across grade levels
HEMRBEER
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The grade level with the most drastic decline in playing rate over time was
Primary 6. In Phase 1, they had the most number of participants (n=84). However, their
participation had dropped significantly in phase 2 (n=29) and remained at lower levels in
phase 3 (n=14). The relative standard deviation (RSD) of participation rates across the
three phases of Pied Pipers was calculated. The grade level with the most consistent
player base was Primary 3. The proportion of Primary 3 students was the largest
throughout the program (u=70.67) with the lowest RSD of 12.84%.

In phase 1, an average of 86.4 challenge attempts were made by students weekly.
An 7.3% increase in weekly participation rate was made by students in phase 2, when
the number of attempts totalled 92.7. The average number of weekly challenge attempts
made for phase 3 decreased by 13.7% to 80. Overall, the weekly participation was
highest over the course of phase 2. The trend in weekly participation for Pied Pipers is
illustrated in Figure 6.

Phase 1 Phase 2 Phase 3
x =864 x=92.7 x = 80,0

SD = 69.16 SD = 42.86 SD = 42.45
RSD= %80.05 RSD= %46.25 RSD= %653.06

ation

Particiy

Student

Overall Program Statistics: X =87.3 SD=51.52 RSD=%59.04 ]

Figure 6: Change in weekly participation over time.

A high rate of inconsistency in weekly participation could also be noted. The
relative standard deviation in overall weekly participation of the program was high
(59.04%). When the three phases were compared, participation during phase 2
appeared the most stable with a standard deviation of 42.86% only. The respective
values for participation during phase 1 and phase 3 were 80.05% and 53.06%
respectively. Primary 3 students were the keenest challengers of all, making an
average of 34.41 attempts per week. Primary 6 students were the least active
participants and had only 11.88 weekly attempts on average. The rates of participation
by Primary 4 and 5 students were more consistent, as shown by their lower relative
standard deviation values of 66.55% and 68.27% respectively.
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Primary 3 Primary 4 Primary 5 Primary 6
Phase 1 2413 17 25 20.27
Phase 2 45.15 19.05 19.05 9.4
Phase 3 29.77 21.15 23.08 6.0
Mean 34.41 18.98 22 11.88
RSD 70.67 66.55 68.27 136.35

Table 4: Average weekly number of challenge attempts made by students

Phase 2 allowed students to challenge for any number of copies of Pied Piper

cards without level pre-requisites. 40.85% of the participants (n=87) collected extra
copies to add to their existing collections. Students at lower grade levels tended to
collect more than students at higher grade levels (Table 5). There were five cases with
students collecting 7 or more copies of the same card.

Primary 3 Primary 4 Primary 5 Primary 6 All participants
1.34 1.25 1.16 1.11 1.21

Table 5: Average number of copies a participant owns for cards in their collection in Phase 2

To examine the effectiveness of the Pied Pipers program, students' participation
was investigated with cross-reference to their grade proficiency level in the formal
recorder curriculum. 40.71%, 63.38% and 45.58% of them were found to have
performed at least one piece above their grade proficiency level.

Primary 3 Primary 4 Primary 5 Total % out of all participants
Phase 1 72 27 15 114 40.71%
Phase 2 77 39 19 135 63.38%
Phase 3 53 27 18 98 45.58%

Table 6: Number of students who had obtained cards above the grade level during
each phase

Meanwhile, 434 students in Primary 3 to 6 were given a questionnaire regarding
participation in Pied Pipers (Tables 7 and 8). 189 participants and 245 non-participants
responded. Results showed that the desire to obtain a full collection, the aesthetics
of the cards, enjoyment for the program, interest in music or recorder playing, the
wish to challenge oneself and the influence of peers were all major determinants of
participation. 90% of the respondents (n=171) expressed that participation in Pied
Pipers had led to the improvement of their recorder skills. The obstacles for students’
participation in the program included their obligations to other school activities, their
feeling that the program was too difficult, as well as a lack of interest. 42% of non-
participants who had responded to the questionnaire (n=103) expressed that they
would like to join the program next year if time is available.
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Reasons for participating in Pied Pipers Number of students
| want to collect the cards 178 (94.1%)
| like the card designs 176 (93.1%)
The program is fun 171 (90.5%)
| enjoy playing the recorder/music 169 (89.4%)
| want to challenge yourself 154 (81.5%)
My friends are also participating 134 (70.8%)

Table 7: Responses by participants to question 2 in the questionnaire

Reasons for not participating in Pied Pipers: Number of students
Too busy with duties or other activities 96 (39.2%)

Too difficult 61 (20.8%)

No interest 45 (18.4%)

Prefer other activities during recess 24 (9.8%)

Dislike recorder 19 (7.8%)

Long queues 12 (4.9%)

Others 13 (5.3%)

Table 8: Responses by non-participants to question 8 in the questionnaire

Discussion and analysis

A steady decline in the proportion of participants in the Pied Pipers program
could be expected as the situational interest of students would decay over time (Palmer,
Dixon, and Archer, 2016). The high percentage deviation of weekly participation over
the course of the program could be due to a myriad of causes. One of these factors
was the large number of other functions, activities and field trips organised throughout
the school year. Students might have participated in these events at the expense of
Pied Pipers. Another factor contributing to the large variations in participation was
the release of new musical pieces from time to time -- there were instant surges in
participation by keen collectors who already had good sight reading skills and were
therefore capable of performing set pieces almost immediately. Other students might
require more time to practise, and thus were less able to participate at once. There was
also a wish to wait until after long queues had disappeared. A combination of many
factors of course could lead to the fluctuations in overall motivation for participation.
Further research is required for identifying these factors and understanding better how
these factors interact with each other.

The relatively consistent participation during phase 2 could be due to its altered
game mechanics. During this phase, students were allowed to challenge for any
Pied Piper cards without pre-requisites as well as to collect multiple copies of each
card. This relaxation of requirements might have motivated them to participate in the

BEMRRMSER



Pied Pipers: A gamified non-formal curriculum design intended to enhance student learning motivation for-the recorder

program more regularly (Sailer et al., 2013). It is also interesting to note that many
students were attracted to get extra copies of the Crescent Pair during this phase. This
was the only card in the program that had a set piece arranged as a duet (a piece that
required two players). The popularity of this card might be connected to the chance
which it gave to students for more interaction among themselves (Shi et al., 2014).

Results showed that Primary 3 students had the highest and most consistent
participation rates. As the youngest learners of the recorder in school, their transient
motivation for mastering a new instrument could have boosted their willingness to
participate. This assumption was supported by the spike in their weekly participation
rates phase 2, which was the time when they first received recorders of their own.
According to the questionnaire results, the lower participation rates of students at
higher grade levels was largely attributable to the more numerous obligations they
had during recess. As community duties were often given to senior students at these
times, so it was natural for them to be unable to participate. One solution to this issue
could be to make additional manpower arrangements so that students with duties could
challenge for Pied Piper cards outside recess time.

61 students voiced out about the difficulty of the set pieces. The reduction of the
overall difficulty of set pieces could encourage weaker recorder players to participate.
However, this change should be handled with caution as it might disengage the better
ones (Hamari et al., 2016). Without changing the overall difficulty of the program, more
set pieces with lower requirements in recorder performance competencies can be
released to motivate students who are frightened off by the difficulties.

There are limitations to the research model of this study. First of all, students
who had failed to obtain Pied Piper cards were not taken account of. The same was
true with students who had learnt to play the set pieces as levels were being released
but who could not visit challenge booths within the assigned times. The data collected
for the study could not fully express the effect of Pied Pipers on student motivation
in playing the recorder. The attempt to quantify the effectiveness of the program by
comparing participants’ grade levels and the difficulty of pieces that they had to perform
had their limitations as well. The results of students being able to perform set pieces
above their grade proficiency could be affected by external causes such as whether a
participant has received private tutoring outside of school for instrumental techniques
or musicianship.

Meanwhile, although the evaluation of the overall effectiveness of the program
through quantitative means could be somewhat biased, the research method had at
least demonstrated that the implementation of Pied Pipers could encourage students
to perform above their grade proficiency level. The positive effects of the program is
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evident when looking at results of the questionnaire answered by participants. Almost
all questionnaire respondents (90%) agreed that participation in the program had
helped them improve their recorder skills.

Overall, Pied Pipers has encouraged students to learn more about playing the
recorder. Whenever the recess-time bell rang, the school immediately resonated with
the sounds of recorders. Huge lines of students were formed outside the music room
daily hoping to take part in the challenge. Holders and albums of Pied Piper cards
could be seen in the hands of students everywhere. When challenge booths were
closed, students gathered in the music room to do their own practice. Many parents
commented that the program had motivated their children to practise playing regularly
at home as well. The view count of over 26,000 on the YYPSPiedPipers YouTube
channel was strong evidence for this observation.

Interestingly, the program had also inspired some students to design their
own Pied Piper cards and compose their own recorder pieces. A group of Primary 4
students shared with me their YouTube Channel with video demonstrations of their
own recorder compositions, in a fashion similar to that of the official channel. Students
with very weak fine-motor skills have also approached the music teachers or student-
examiners for tutoring on recorder playing techniques due to enhanced interest in Pied
Pipers. With the help of extra tutoring and motivation to practise for the program, many
of them have become skilful recorder players. There were even alumni who came
back for a visit to challenge for the newest Pied Piper cards. The implementation of
the program has certainly helped students develop positive attitudes towards recorder
playing. Its success can be attributed to the following elements of the program:

Figure 8: Pied Piper cards designed by students

Figure 7: Students queuing for
the Pied Pipers challenge
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1. The use of Pied Piper cards

The aesthetic and original designs of the cards definitely played a pivotal role in
motivating student participation in Pied Pipers. This is confirmed by the survey results
where “card designs” and “desire for collection” were selected by students as the
primary factors for their participation. A portion of students might have taken interest
because they knew that the cards had
been designed by the teacher. Pied Piper
cards were taken as more than just a
symbol. They had become icons around
which the entire program revolved (Figure
9). The aesthetics of the design had
helped to get students into the experience it % & 4 o
of the game (Kapp 2012). sy . ’ 'E

Figure 9: Students showing off their card collection

2. Accessibility

Posters of Pied Pipers set pieces were 7/
placed everywhere inside the campus. Whether o
students were in the playground, outside the A;“ﬁ,;,
school hall, in the corridor or inside classrooms, _
they could catch glimpses of the program ‘itg
materials. With little effort, they could already F ~
access the set pieces. The permission given to
them to roam around the school for the posters
has helped to engage students' attention to the
program as well (Figure 10).

Figure 10: Students learning to
play their recorders during recess

3. Support of teachers
Colleagues showed much support for the implementation of the programs.

Despite the noise, teachers on duty welcomed recorder practices during class periods
and recesses. Some colleagues, including the social worker, had even taken up
the challenge to collect Pied Piper cards themselves. In Phase 1, a Primary 6 class
achieved 100% participation as a result of their class teacher’s direct participation. With
non-music teachers showing enthusiasm as well, many students had become more
engaged in the program.

4, Synergy with the formal curriculum

Just the Pied Pipers program alone is not enough to help students develop
into competent recorder players. This informal curriculum was designed to stimulate
students to play and practise. Fundamental recorder techniques however can only be
mastered through learning experiences in regular music lessons. The basic techniques
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established in music lessons provided students with the necessary skills to approach
Pied Pipers. In this connection, increased frequency instrument could lower skill
discrepancies within the class. Synergy between the formal music curriculum and Pied
Pipers has surely helped to expedite learning in the classroom.

5. Student examiners

Before the initial launch of Pied Pipers, the plan was to have five music teachers
including the researcher to act as examiners for all challengers throughout the program.
However, the overwhelming number of participants had made it very quickly that
manpower was not enough. Several Primary 5 and Primary 6 students were therefore
trained as helpers. Their duties were to act as examiners, but these soon extended to
data collection, management of card inventories, the maintenance of discipline in the
music rooms during recess, and tutoring younger students on recorder techniques.
By the end of phase 2, a team of 14 student examiners was formed. Their work had
become an integral element of success in the program.

Many student examiners also took on the role as mentors and receptionists for
younger students. When a younger one was unable to perform a set piece adequately,
a student examiner would model for him or her and teach the proper recorder
techniques. Unsuccessful challengers were given words of consolation, which was
considered as a motivational game-based learning by Plass, Homer & Kinzer (2015)
for example. The affective support which [#ei. . L | “‘1“%4" !
student examiners provided for their juniors ) , 7
might be an encouraging factor as well. Many |
of the latter were seen lining up for assistance
from the examiners from time to time. In the
questionnaire replies, two students had in fact
expressed that their wish to become student
examiners in the future as their primary reason
for participation in the program.

Figure 11: Student examiners at work

6. Careful implementation of the program

An intricate series of tasks had to be handled from time to time to ensure the
successful operation of Pied Pipers. Colleagues' efforts in the coordination of graphic
design, composition and arrangement of set pieces, printing of materials, recording and
editing and uploading of video demonstrations for each set piece, publication of Pied
Piper set pieces, training and organisation of student examiners and communication
with other teachers had also contributed greatly to the implementation of program
design as a whole and enhanced the quality of program delivery. After all, a well
planned and monitored program alignment is essential to the development of gaming
experiences for effective learning (Caponetto, Earp and Ott, 2014).
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Conclusion

The purpose of this action research study was to investigate the effectiveness of
Pied Pipers for enhancing student motivation in learning to play the recorder. Results
showed that though participation had diminished over time, the program was able to
motivate students in learning and playing regularly. It could help students improve
their techniques and develop positive attitudes towards the instrument. The success of
Pied Pipers could be attributed to the use of aesthetic physical badges in the form of
collectable cards, a high level of accessibility to participants, the support of teachers,
the synergy of the program to the school-based formal music curriculum, the work of
student helpers and the careful implementation of the program. To better understand
the capacity of Pied Pipers as a non-formal curriculum model for learning the recorder,
further research on how different game mechanics affect the participation and
learning effectiveness of students should be conducted. Gaming mechanics that can
promote motivation through increased social interaction between participants may be
investigated in future for example.

It should be noted that the implementation of Pied Pipers may not be effective in
the context of other schools. The program design was constructed specifically to suit
the learning atmosphere of YYPS. Moreover, the intended learning outcomes of Pied
Pipers may not be appropriate for other students. Although it may be inappropriate to
duplicate the Pied Pipers closely, the findings in this research could be helpful to other
teachers in developing gamified non-formal music curricula in other schools.
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O 33
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FAE - BORE - 21580 T
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{5 E

EREHEALR

WE

AEEAMBEBEEBNEE UEXRBRENIA - (PHEEHBERIZESD
(2017 - B 28) f5H BB ALQKREBAPX (DEEERERE) RAREN  BREZ [
BNRLBERBXTENES ] - X [RYTIREEDCNEHRNEE - S&58R] -«
mIEEE BHEHR- -] BB TN RHEERLRAR [RESE | HHhRNERM -
AIFTAITENRZT T A 29 [N F 5-6 5% [ =] R B/MTEHR - EE8 [ZR
EEEE] HENROEBERE - FRERER 100% XA REEE [ZRESEE]
REERBERS RS THEZNEDL  BR [ZRESHE] SIEEFHREEER

BEMATE - FE  XERESHET [ZREE2EE] GARENRR -
o
weS oM

REFBFITRRBUGSE (2016) (EZBEMEFLFHESE 59 HREE)
FEANBERERIBRSA  BEENE (B8FE) RA/EZ (88.1%) @ R ERA
(3.9%) ~FEEMITF (87%) (H9%) (HifF—) - MARELE/\KBENEER
BETE - {AIXE (2009) BR/BAMOBBANEZRELTE  EEHBREXIER -

#ige (2014) EH 3 E 6 RAENREE HEMNEEMEE - (TEREEREEIHE
NAHWBIRENBER P TVEEST [RELE | EHREBENEZTEHENEE N - £
HEXRSEF®F| (Montessori * 1870-1952) Frali @ [REE NHEA - RE— TR
RERE! (BREW - 2013) @ ZRFBARALZELAREARARE BT REEHME
Bo6mAMNTE  EENBREMNERRECHT - RES2BEFINREK - 7S
BIEMBRIE  WHRBREBFEAEZE (Tim Seldin * 2015) - RALEERK 5
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e - R E - BFIE 0 2016)

ARENHORRABRERRH N ROERM - (PHHEBHERIZES) (2017) EH
[WREBAREBEETRRIARETEZY | - HEE [SBHREAREETES &
EmfnemER] (B10) @ HERERE [RELDEE ERRERRNEHIK
MEBBEE] - [RRBRERRNERASTINREE] (H42) - 318957 ERSER
EPInRE - BE - KE  RE  BEETRR  URBHENEW] (B17) o

HREBRAXERNEBEG - AT  REFRENRLBR  HRLELRE
ERE LR LETEENER - PEEBLATENDT - HESEEHURBE
s DI TR SRR (4] B DHT) 8K (BT - HRESFERE KT
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£ AR -

R BaRRRE
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2006 * B 5) ° ZBEZE - RRW (2011) BR2E6 XN THWEZHRT - B HI&
= (89.8%) @ EAREHERRE (37%) ' TERETLEHERERD (14.8%) ° U E
EABRNIARREBRESERENBRE - BRER - [AAMN 1999 F&:E 7 200 &
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REZE] & BANREXRPBRREA - LARESRSA [n] (+39.32%) 1 [n]
(+38.24%) - HXZE [gl (+14.48%) ~ [1] (+10.34%) - [gw] (+0.69%)
HRES5:

A A &R LB 12 A
BN | RECEEL | RECEE | [ECHEEA | RECEE | REFERE
gw 116/145 80.00% 117/145 80.69% +0.69%
g 114/145 78.62% 135/145 93.10% +14.48%
n 15/145 10.34% 72/145 49.66% +39.32%
n 46/145 31.72% 101/145 69.66% +38.24%
| 98/145 67.59% 113/145 77.93% +10.34%

®5:AABRENCBEAFERR

R¥E Independent Samples T-Test * 2AERIEAAREARESF - [g] BERX
MAAERF (t{EA-3.192 ' pfEA0.003 ' p<0.05) EXkZ [n] B (t{EA-4.985 "
PEA0p<005) En&EE (tEA-6.171 ' pEA0  p<0.05) -

RAMEN [ZHESE] @ BIERE  BEREE Ul [REROBRERHE
E] BEHE [BETERER ) 58] 288G [gwl & [g) A (1] - RN [EE
MOSERIAHE L] #ENR [BELSTFES| BFEY [n] K [n] - ERBAER
ADRIFIRRIRIR - B0 [BEROBEER HEBEMNEYRKA  B47E [n] & [n] &
BHNFRELERPRES (F15 +38.78%) @ HXA [gwl & gl BENF (FH
+8.50%)

BB R BBk BY | RELERESl [RELERFHEL
. _ e o o b 10 +0.69%
BBIET + BEFHERY & .
D:EIE (%%) ?E/—J_—\ g +14.48% +8.50%
B FRIE 7 EIREH [ +10.34%
BERR + o — o= n +38.24%
. . _ = —= + . 0,
N (BB) 5 | PRATRY 0 39.32% 38.78%

*6: RERBRIAFERERRL

1R¥& Independent Samples T-Test * [fRE &k OSRIERHEE] AIRAMEZN tE
/%3-3.330 - BEE p{ER 0.002 (p <0.05) - [MEE K OASEIRTRHENE] AILAEZER

t{EA-6.842 BEMPEAO (p<0.05) °T-Test BIEZEPMEHELEBBEERN
RRERRHE R A FHE == t p (#E)
BE + OERTHER -1.65517 2.67630 -3.330 0.002
RS + OSBRI RHEL -3.82759 3.01270 -6.842 0

R7:BREHBEREINFERR T-Test 2
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Table 5.1a  Persons aged 6 to 65 by mother tongue and age

S i
Age group®
&t
6-14 15-24 25-34 35-44 45-54 55-65 Orverall
ANE AB NE s ME PN PN
No. of No. of No. of No. of No. of No. of No. of
iia persons persons persons persons Persons persons persons
Mother (000) ('000) (000) (000) (000} (000) 000y
BEHEE 4332 T713.1 8257 8531 10664 10632 49548
Cantonese (89.3)  (91.8) (85.8) (83.0) (39.7) (90.0) (88.1)
g 132 237 538 66.8 373 250 2198
Putonzhua @n (3.0) (5.6) (6.5) G 2.1 (3.9)
HithEE i 13.5 27.2 431 532 70.0 208.1
Other Chinese dialects (f o) (2.8) (4.2) (4.5) (5.9) 3.7
FEEE 186 44 174 26.0 91 59 815
i (3.8) (0.6) (1.E) (2.3) (0.8) (0.5) (L4
HABCHEES t 1 7.7 34 38 i 17.3
Other European languages (1 (89 (0.8) (0.3) (0.3) () (0.3)
IFFERWEE b i 46 38 30 i 165
Filipino 69 (o9 (0.5) (0.4) (0.2} () (0.3)
HIERE s 1 t 438 i 41 163
Indonesian 6] (1) (69] (0.5) (1) (0.3) (0.3)
AT MEES 163 178 243 250 140 97 107.0
Other Asian languages (3.3) 2.3) (2.5) 24 (1.2) (0.8) (1.9)
Hith b b4 s b4 b : b4
Others (e} 3 (89] (2 (1) (2) 1)
et 4854 7771 962.8 10279 11893 11810 56234
Total (100.0)  (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
O 2 fuiEpEh - EERhHERES AL - Notes : @ Including persons with hearing, speech or
visual difficulty.
! ERAE T SRR P * Figwes in brackets rTepreseat the
FrR AL E ST - percentages in respect of all persons in the
Tespective age groups.

e
e

iﬁ’:‘ﬂﬁﬂﬂﬁﬁt s AT TT TS
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HIMBEXER  RaBR (C) - BR (R) REHE (S) MHBRBETEEEH 2
hERERAMESENBEMENTE

HEF<EE : R5yBE (C) %%{5?\
(R) ®RiG#E (S) WA BRBEH ARG
VAPAS: F%Bﬁ& %%F@'*‘BT@’S%Z

Rl E

FRE - BERE - 2RE

PELEDH

WE

BEFNEFRMENARE - AR B AR AR ERBER (Communication — C) - £&
5 R AT HORTAE AR (Relationship — R) R ZEEIWIERE #5185 (Structure — S) (AXH - FIKEE
EHFE - 2016 ZIKE - AFEE - FREE - 2017) © #2014 FRAMKA - AR (PEERESK
B RN EEEEE) MR T — A6 A CRSIMHELTE] - LITEIARA S A IEREEER -
SMLHE IR SR  ATAERRRREGEE NHER - i1 A[CRS HEXKE] (F
JKEE -« ARIE - FREE 0 2017) © A - ELRERAREHER [CRS HEXKEE] - EHEE
MEBRZRZT » AJERBEAARPERMEEIKTEHNEL - MYEAREE RS HEENR
BHEA - BIREEEES AR - AU ERE TN 7% - BRNOT AR 8T
EEESE - EHELHERIEFRRIE - 78R - ERRE [CRS HEHKK] E’Jn%i
PERENEBENESEESNREE - HRENRENEL - KEERAMBMETKEE
WIEICRS HEHKEE| - MEHXZEARKBEEEEREE REEZ2EMREIKE o ujﬁé
BHEERTEREFR LA HRPBTABENBEESAE - BIEEHZE o ff5tisd -
BEREZENERW T ERFE A [CRS #ERE | SRR - MAEGRRE - BB ENZE
BELAMER  THEACHHE  ERUSENETRNEE  EERAEENAZ -

FAREs

hEER Moderate Intellectual Disability

BRERL REREE Autistic Spectrum Disorder (ASD)
RAEERAEEZHEEZ]  School-based Autistic Resource Teaching Program
RESEEER Learning diversity

BRUER Effective Communication

RAFEn AR Good Teacher-pupil Relationship
EBERERE Structure Teaching
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HRELLE B (C) - BIE (R) REH (S) HHBRBETRALN 2
RS R B B A OB BB

RS RS R RS

ARE—FMBNEDNFESERERER  BSEEHLE 12 - A4 120 27
RTPEBENEL  FREIZUG6Z 18mAE  BHUERERIEEAEN - FEERE
RELRBEEEZRNEE  LENH  TENEARY  BEENTRIEEMNRM
B2 EME (Drew & Clifford, 2006) ° SREBE 6 K (#1170 %) NEERDH RSB
fiE - 39 AENR A OB MM EEMRFMERMER  BBAES REMZEWRAEN
BBEEMEZE (FRIEZF - 1996 : Drew & Clifford, 2006) ° Rt - 24 7 A ZHEN
RABE 1A (IRBESNEEEZRE - AYHELKE - HAFHESESLENE
FIEE - BBAKERFTE  RFTHENMHKZER  KEKEE — 8 [EBEHELT
Zl] (Individualized Educational Plan, % IEP) : BiRIEEL IEP - Rt H B
SEBEEBLHE - MAENET AMAEEBHR (Communication) R R 17 AI6M A BE &
(Relationship) KMEZEEHRELME (Structure) - B [CRS) Z#ZTE » TEAEWHB
HEME B MNIT IEP - hAESBIMREBMHBBFT BEEMAR (DX - TKE - &
f2E - 2016)

H®8® (C — Communication)

BRAENREEBBEREMEK  TeEREER BRIEE - FINERYE -
B sk 8% (Watson, Lord, Schaffer, & Schopler, 1989) o A H) A EEE
Bh - FRIZEMENSLE  BEEIEREBERNER (RIEF - 199%6) - BFH
EMSBLECEFERARLIEBHNGES @ FlahaH (Echolalia) ERFEEAD (MBI
1993) o ffiFtIEH - VB 0% M BEFERE S B BRMEMEBETESN  thERZHEIA R
BAER - AR EH N CRER - 2000 : ARE L - 1993) - HRERHR AL
NERHFESENSER - ESERBENBBRER EHEE (Drew & Clifford,
2006) °Watson et al. (1989) it - BFIfE REEFREMZE W 9B TRBENRS -
BlaR B FERIEECALHR - R EEREMANBMNBENRES - MRER
FERAREEFIEERGSE N BEEOEXIRANTE - #MMAR T8 - BEK
TALERALERE - Bt - SERNBBENKATASFNEMNBIEE 2 — H
BEESEERN  UEACEEMMNSEMAMERE  BIEE X ER - 18R - &fEM
FHE - RTHBMMOER - RMEHEBMNEE -

RFEFIER{E (R — Relationship)

HENBEEM S MEEEY RFBE - IREIEEAL - SREMFMIBREAETT -
ABEEEREYMEAZEN  TROVEASEMEFBRTEBBMNESR (X%
MERI - ERFIE SEE CEHEF 02011) -BRNBREREFERS ARBR ENER -
EPEBENEERNA  EENANRY - 2EBIEEERESMNE N BIRES (EXIE -
1996 © RHEAS - 2000 : AE L - 1993 : FRFEE - BT - 2000) : FHMEBRAESLE
EVRBER B -REBABRIE CRER - 2000 : #EIL - 1993) - HERERER
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HRELLE B (C) - BIE (R) REH (S) HHBRBETRALN 2
RS R B B A OB BB

BE HE—RERZFEAERNEE B RE - E28E  ZRE2LEFHNE
A AERE  FELZBEHMNAE  UWEEBELRA  RERE (BEE B
FF » 2000) -

(SIB{LRVEREEFRE] (S — Structure)

& & 1t i} & B 2 Treatment and Education of Autistic and Communication
handicapped (TEACCH) ##f& - A B REdL R ZEF NI LK ZE Mesibov & Schopler
LHWATIRH B M & B2 EL ( "TEACCH' |, Schopler, Mesibov & Hearsey,
1995) o "X FTIR RMAEB(LRE - SIREHAEREAEE, - RE - MFNZBNERN
AFE - EBBR TEACCH PR MM &R ERE -

RELEBNRE @35 FAMESERKIRALNEMBEN  SHMREZRERE
HEE &2 (Schopler, Mesibov & Hearsey, 1995) - B BRI N A RGHNES @ (LEHE
EREBRENELE BWIRNAEAENRESOE - LURKRSEARET T BRZEAD A B2
MELRNEENESE (BES FXE - TXH 12003) AR NKMELBHEAMRE -
BB R e EEMMIEE - Bt - JBMHRZBEMNANLSE - G - EXEOHE
MERBREREBMEZENER  HERBOMR L EEE2EE RANEEBHE #
2 IeREEEERES  HEHEERASZINHE -

R BN RE

FF (201718 24F) BMGATHMTN AN HTRER/ HEEYLRER
BN RERGEIR2ERENGER  SMEEMEINHRERE IR REEENEHR
HiEA TCRSHEXRE | (TJKE - AEIE - ZEE - 2017) - 5L [CRS #HE%KHE]

B2

Bpag] Al RERF A By 2
EEMIERESIHBEERE
AERBEE ({RAIERISA----  WER)
ERMREEMT A L BRFE
FiamREE

#*—: [CRSHEBXRW |  HFEAHE

\

LRI E HELBEAENSEBEE (RE M HELENE BT ):
ERRERESATY - miEaR

MELET

—RHAF

2% 'Give Me Five"

®=: [CRSHEZXM|  HEBZILH




HRELLE B (C) - BIE (R) REH (S) HHBRBETRALN 2
RS R B B A OB BB

HEFHE ZREBEEHHMHE ok - BY

RERR (BPRESMXTER)

FRBBRR IR« TIER :

SRS . ERAF S - PRER - Apps ERER
R=: [CRS#EXR]| :ZAFE

FRIENEERME : EEXA

WL HE R

FERNRE M AmUER SR

BAF2ERa

RN : [CRS¥EEXEE]  REREESE

=Ry m ¢ BRMEE

OSE#EE : FREE

—H—REE

B 0% (1A "very good very good")
HBEEHRPEERSENREA

®E: [CRSH¥ZBXRK| - RBSHE

EETm VBH 2R BESE A/ 58/ NE/ BN%EE
BB 2RI ;

JB TR AR LSS AR A A SR E A
RERZMNHNSBZERMENRE/ B

#®N: [CRSHEBXRM|  GBATE

5 F [CRSZ 2 K BE | -+ A2 42 FF B £ )8 @ (Communication) - Ab 4 8 (&

(Relationship) FFRE L (Structure) ' MEHEE X HELEHERE X258
BEMIRF T RIRE NEEMNDHEE B FIE ? LEERRIVKTE - FEEHRKIEE
MR RBENNEINE BT RBRENTOE  F—EBPFREINEL
HEBEEE AHH 70-80% « MMM EE —EMFRERSN (ABENIFEOE) MFE
7 APIE—RRAEZEN S ERERT « AL EREEFEFERRBHERMNERK -
“BERNIRSMNEE  AEEEEA AZM 10-15% - MMt —REBER T ERER
BESINREEE bt F EEHEHMNE X BE-EBL I HEBENELE - KL
BEEEL ABH) 10-15% @ MPIRFE S —MBEBUREMTAIE  TERERE
EIREHEBREHNEIN AN E K - MR EER - EBLIRAHER [CRS #HE
KA - AREREEARPIENNELE  MEEAHBENSEZEN  HARENR
SokE ITHBMEL - AR GZEANEE © AL - ARFTHABRMD TR

(B H O E) NHESESE EHHELHYERBENRE RIRERES
EEANSBSEZRFTERENM -
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HIMBEXER  RaBR (C) - BR (R) REHE (S) MHBRBETEEEH 2
hERERAMESENBEMENTE

HRFIE
thsEstEl

BRITENFTEIRBEERN 2016-2017 B4 [1T8fR LB/ ME] WER IR BMLELE
WH 2017-2018 BFEN A BRI [1TEAERHE/NE] (AT [#EF/ N E] ) #
TEFRARMNTRE - KEBIEMNAL 2016-2017 B4 [1TERFTLE /A MEEIKE & —
MHENEIRAEEOEER - RSB EEE (£ TE2H) #17: F—HBHNTH
FTEIMA 2017 F 11 AR 12 A SR TEREIRMEA 2018 F£1 AKX 2018 £ 3-5
A ° 1617 BEMATH R ARRHEAD - MMz HRA AR EMESAL: -

[N ] R FAARRE —REGH  REARRET - ERITA (M
=) o [HHVNE] RARBEESEFELGED TN - EHIHERER U
EER - WP REFRLE - BRABR—2RKREL A/ NMAFASTZEENAM
[FE - wEReS ~ RIEMITR MK IDER TABREBRR RESZ LT o [HHE]
SEZEHESTFZ AT REBEERETHEMBE LORBYHZRE E—FEC
AL [CRS &R | (R—EKRN) (EOH -

st IR
$£—8M (Z2—tF+—AZE+"R)

BB LE—FENITERE  AFEEBHETESBIRAREERE (MHE—) -
BRI RNL RS BIEATRNKKTE - £ [CRS) FHE @ EBEE [REANESR
B/ T3l A=\ C) ~ [R] ~ [S) » WAEMNE Rk BRT [HE]
— M REREEERFERCHESEN ERTALINUST - RBRHEEREBC

(Communication) - fAE— < BREFSUB AR R EHNTR © B2 EEEM
RENBN - BEEMEHRT vV - RELENGET x> AREMEI%E - MiESHRK -2
EEEREN  MEREBLENSHET 55 REREHAILT -5 (ZXE - A=
g EHRE 2017) °

B— : REABETEE  BEFD

FRIFHEIEREAR (Relationship) A HE 0K —HIREERRE A 1-56 0 BF2 %8
1 9REBIEFTRKEE 59 AIEERESEN 3P HABERERRIRS - (8
LABNE « SRSk RIBS RIS L mHMERER - aekE ERWERPEBEELEALE
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HIMBEXER  RaBR (C) - BR (R) REHE (S) MHBRBETEEEH 2
hERERAMESENBEMENTE

FCfE - RIAER - BUEEE  I92ARH3IAAR4%H5 F—FHH  IIAZE—# -
FEERELENON (BKE - AEE - HfEE - 2017)

fogk
- — - — - — —

#i
) o ) o 0 o 0

g

B (RABETER  BEITD)

EREBIENREREIF®E (Structure) = &
RBOZE2HERTANDFLE - 0DREKEE 15 BEEE/ S8/ NG/
REHZBKISRETEN - @1 2 prEEEHE [

W IETR - REEBERNAZREIT A 1. 2EEE R [ BRI
/ R/ AR/ KIER—BMERRENK : 2. % —
Bnie/ HEREOE 3. H% 4. ERE/ T BEEn

EHbEAITIRE/ #ifD - 5. EbuE = - S AR

Hitt

= (REBETER: RELHEFD)

FEARNRE L RANSYRRRTEHE - MBERETSHARNEMNLB
AEEEHYIEE - BREFWHREANDERZ (B2REMHD) @ WIRSLHRER
AHERBEEZMNBER DM DEENRE - PRENBERENMESRE=/A - T
NeESEERMBELE  FARE - PENBFSEMFTHERE - AEREL
(- BEXRMBRERTK  VLHRELEEREEA (C) 8y BEEE

(R) ki (S) MBI UEHEMTEZTEEIRER

B T =M TRENHERAESEMRIRE - [HH/)E] B CRS BB &
B o DTSRI B BB TSN - AR LB A RBRERETT - B NE= AD R %
E4K)#E R (Communication) - B8& (Relationship) ° sRE4&# (Structure) @ LAE
S5AEER 1 EMNE  #BITAMNMRBIREER - WETLE  RETHETH®W
MHF - BREFEHIHMEBEMANEA L

S8 (Z”F-)\F—RZERA)

2B RN R R EBER - N MEERREEET - MREERBETER
HREE o thSh - ERNEITHEEZSREA RN T2 RE T IR IERIRY CRS RESHEE -
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HIMBEXER  RaBR (C) - BR (R) REHE (S) MHBRBETEEEH 2
hERERAMESENBEMENTE

fRstrIiE

R EE B 45T (descriptive statistics)  (Sprinthall, 2011) 25 & it 22
ERABZ - F— RRAMARARZUERR - EEESRMNRNRE TR N ERHE
%Eﬁﬂ-ﬁ&ﬁﬁ’]fmﬁ ARG et RIS ge BRI B AR ARES - £= - §HREH
EEAERITER  BENBUESETEEREE  BRBEENZ2AMNITARIE - EHmATEA
FTERMBRISZENITANEELE  HAHHEFELEEE BENESHLBURHRS

(overgeneralization) HI4&E5H ©

HRGEREIW

A 2017 £2018 8 [CRS] 1TEIAR - HARSBENREREGERPEIRE
ZEMHEER [CRSHEBEKE ] FRENFE - fIMEERE - ZMEBITELENE
T WEARMEA - S| BBEREMRE - BEP - EMRRNBRBYINLSMIH HER
FH - ERINBEAE  ABHRELMEERFEEBRT - WAEMREMEZ
R EE - 1%%&&?9’]%&?%1%0m%yﬂ%?iﬁ AT REMA R EEW2REE B
12 BELEMARRKINER  BERBE TG SEBERSEEOME - SROT

BEMIE RE BER | 247 | BER
1. §E32FF Communication B E& /&R gii g 1 2 g
2.Relationship B #F# 1% giig 2 j i
3.Structure FRE 44 EM H gii g g 2 g
*t BUBETEAREZENELER  BRIHABEEK 12 &S50 -

a3a (C)

feRth  SAFBRRRENHENEE - MEVRELNTHEE - 2B OB

EENEBIE - RELFHRRKE - BESLRBMAE - ZEERINERER ﬁfﬁ‘@
DEXMIERN - ZENEMATRK CRS REEA—H—HE  BRELELRERRER L - I
BRRIRELRE - 20 EERTRNRERZEE - WREH - ERZEBEM MR
BN  BEORER  -EERREAKRBKRS  BEWRKARHIFEZMAELEFR
FIN BEZENFE  MARIFAZE - FEN K- EREHEHL  ZBLEEREA
K B HBHR - AEHERSIEMERT - a2 MR E TR B ME B A R0 Z A0 A 2R VEH
BIFE - gAML - EHREETENITRBEERD o KB AL ZEMESIZE - I R
REUR  BESARINEL BB RBEEERD - BE - BARNEEIRENEL

@tlz ﬁ%%iﬁﬁi%ﬁ%éﬁilim MHFESENF TN EREZHTEBELR - BB

BRENRARE - FENRUER T ERMNIERRE - SR ZRERHER o
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HRELLE B (C) - BIE (R) REH (S) HHBRBETRALN 2
RS R B B A OB BB

B{% (R)

BAER . ZMAEZMOEESBIER - MBAELMAEZMOBERRLY - FEL

[Cl # [R] WERRE SN  BEEELAMNBRRE  MANER [R] 8

B R BEFRERARE - fREPHD > BEZNANSBERAAE - KA

BERZRMERA TEZH [CRS HBHREE | MBL R  MENPENRE BB - RIE

SRR RABREOBRRRL - A - ERLERRE AP - HABRERNXER

Z EEARENEREBETNE T ORE  REAMESSEENILEENR B RS K
BAK - AL 2R P ENBEERFRIXRE -

f5t& (S)

RENGBEERZTEEAMN LBEEH  BELARENARBLHIRREZE -
REZHENRA T EBCHBEEETRE - BUSARIRHN - EADEAHRE 2
BEERBNMNLE LR - B0 ZRANRESARGELHEYRI - 5—HHE @ 824
FMELRNRELH  DHER &K RRTEREEB LIDANSNZRE - B4£F
RENRAAEZHNBERGNEEBRESS - ZAAELHHEEER 2 T4 - M
BLEAHETERENSE  BRENAUES  BHERER L HEVBEFELIBEE
wERE - it EHRERENILE ORI EISRE AKKE

=&

=T RENNBMEREETNRREFBRNRERT - RAREMT [CRS
HERRE | BEATEENNEL - EHEMERRRERE EURIFBENAEERN
REEES - REEINBFESERRARENLE « TREEIFTEIRN TIE - ZHEE

BEANT BTPERIHEER MLSHEINBENBERETED  EREEBAR
RERCA BAERRE ) RIS - BAIFERANKREEER - +7)82@EIER -

flF— : B EMESENINBELENEEETNHEAS -
ZE - SREHRAKPMMESE - (L FEBEE 2
REE  JWFB20 - REEE -

RO RATABRE Fopks ?

REE : AJA L ATLA | 45 A8RR LS |

R BEFRARKBUETKESNEBREDT AL NERBEAELKETRER
BBEAMRE - BERRTKABRARER - SLEFLEMRIBARBOKIS

flF— : B EMESENNBEENREEPNHEAS

ZEDM - REIZ - (R ABRE ZAMERE0E ?
REE :of | (EIERHE)
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HRELLE B (C) - BIE (R) REH (S) HHBRBETRALN 2
RS R B B A OB BB

ZEMRY : EZ 2R E o
SEP: FAER ! (RBERBOHERE)

RERE DTSN BMIESER - [CRS HEBRE | IRENMERIIL
FERBEEIRTTEBME - MEHREARTMERREAKBIEREHELMEES - MaENM
BRERZFTRE HBERBRITAMNEN B EESLE - WERZE o {LEHNSELEMNRE
FRESERTAR  BneRf Mg BLREL TRV EPRD - T —HREP
REN—DENEY - BARSEFHFLER - AW - BRSP4 RHAENR DRSS - B
AR S IR IE RSB FEMETTEE - BEESEEN T B BHEVEL THRFRIE -

RS

EREBTFTEREE AR B RERR - PR S - BREHBER - DU ERHEA
F AEEMBEENREPARGHLR - & [HEV M FwoiR - ERSRER —
ERRGEH AERENBER MR - @R [REN ] W2 - ERITHHRER
5{EA - BEEHET =M TRENH EFHESLAEMEBTRARE - TRNIKEFER TR
3o Bl [HH/ME] (F CRS BIER DT - #ARB =224 - EHH/MANFREFK
B - EABHBTENASN - AUERREBEREZSRY - 1 ies 1 24 AMn
REMREEL - BRNERE  KEEARXERRBE——KER  ERREE - AREEN
HREAZIEMEREN DR BUBAR - RVEE2ERRAARENERBIN L 1§50
BEE A NE] WEE - MARSRENBBIBIEREMIE - ABURK - B RIFARE
BT =2 8MESEERAHEMTHR - MBERINHBERBEEAIE - M ARMLERE
Hith B EFESAN SR ERMEBEREE - TR FIERRCRIETETERS)

&% BTERSREM L ET 6 ? AT ERZEE BB HEMTHENRE ?
BT ZMBONZHEZIN - IS [CRS] ZHRMEIMEM B 8) MiE A EAEE BB
ENEE  RFELERIREBFER—HEARARRCE  SEAHEAMERLEX -
BATRESEXKT : [EEAHE  WRHESLET o | B2 ERNETRUNEENT
2ERPLERE  BAMNBEERTAFESEI —HSERR  BRABBEELKATEA
B8 - MEMMINEE - Al DUEAILRAR (ZBREE - 2001 : ##& - 2015) ° [CRSJ
—EXRBUENEYNEREAHRIHEBEYTE LEREYTNERE MEAEFEERA-F
REEMNES - ZEIPMITE R BEZEEHE  ZRBENENMEERER - AR
BEAREARIRAENEENARERE R NEYRAGHAESANSEENEE - &
FE Al AT AN B R B R A ©

[CRS] —AEAMHEBETRRE —EENEREZHEBEMREMETHHE LR
TEAGRESLESBNRT  WHIEILEINA - FIF [CRS] ERIFHEER - BR
KEBNEETE  REMENER & — FEBRAIRNA RN AKRE - YRR
SHEEILEZ— (Wong et. al. 2014) -~ T E LU E BB A ZREDFILAR A0 RE
NEFFERAR - £/8 [CRS HEXKE | - HBAMESALBBER - LRAKRKE -
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HIMBEXER  RaBR (C) - BR (R) REHE (S) MHBRBETEEEH 2
hERERAMESENBEMENTE

2E X/

ERFE () (1996) - (BFERKEFM) - adb: PEREBMELS -
REN () (2000) - (EFESEBHEFM) - B2 - B SFEMSBEL -

FKEE - FAER  JRE (2018) o CRHEMBEEER - KR EEESROME
BE - BRMRESBNHERBINEAKIO - S50 (ER) - (BEWE
WEER - HEMEREZEE 16/17) (H61-182) - HE : FEHEIRL ©

Mg (2015) » (EBHAE) - LR BFEREHRMT

MBI (1993) - (BEVEMREEET) - ENSEAMERES (XH) @ (EE
BEF) 0 6-23° &t SHBEERES °

AERE - TKE - ZREE (2016) o CGREFBEDFHEEAK : B EEEN B RERL
RERBEEV AR BEREMMBILERERIRAULNER) - (BEBEERHBE
EAF]Y - 5518 H - 14-32 ©

REHE BT (2000) o (RAUBHBH
Bk 8 -

SRIEZ: (1996) - (BFEZLEIREREE) o CRRHEEZFT) - £598 19

RRE  MERIN - EBFISE HEE  BHEF (2011) o (R4F - Btbif - BENS BRI ©
aibm : HER -

LB (2001) o (HBEBEMAEAR) (2015 BiR ) ° b7 : AREBE AR ©
HER EEET TEHE (2003) - (EFERELSBERREIIR) a4t 03B B AR -

C. Drew, & M. L. Clifford (2006). Intellectual Disabilities Across the Lifespan (9th
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