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Abstract

Pattern-oriented instruction (POI) is one of the pedagogies in teaching and learning

programming. It has been scrutinised to reinforce problem decomposition and problem-

solving skills with cognitive schemas and patterns. Self-regulated Learning (SRL) abilities in

learning programming reflect an individual’s cognitive schemas for approaching tasks,

followed by other phrases of the undertaking and evaluating self-performance. Although POI

shares the common ground of cognitive and metacognitive theories and is considered as an

intervention for active schema recalling and monitoring on which SRL ability reflects as well,

there is little research examining the potential of POI as an instructional intervention adoption

for the change of students’ SRL abilities in learning programming. Besides, to understand

more about POI intervention in a secondary school context, this research aims to investigate

the effectiveness of POI adoption on students’ programming performance under the learning

objectives of the Hong Kong technology education curriculum. Therefore, this research aims

to research the capacity of POI in enhancing SRL ability in programming learning and

programming performance among secondary school students. This study adopted a pretest-

posttest control group design with random assignment of student subjects to two groups and

the explanatory mixed-methods design (QUAN-QUAL model). It involved ten senior

secondary school students and one class teacher. Student participants are divided into a POI

intervention group and a control group to explore the research questions further. The results



indicated that POI intervention significantly enhances SRL abilities, mainly on self-efficacy,

intrinsic value and strategy use. Moreover, the results from the comparison of the two groups

suggested that POI intervention has relative enhancement in programming performance.

However, some negative feedback was observed in POI instruction about the current

standardised tests. Students’ test anxiety is increased afterwards due to the time limitation for

comprehending programming patterns and preparing for public exams.



Introduction

The concepts of algorithms and programming have been widely emphasised in

technology education. Computer Science Teachers Association (2017) advises that sub-

concepts of algorithms, variables, control, modularity and program development can be

introduced by Grade 2 in primary school in the K-12 Computer Science Standard. In

Information and Communication Technology education in Hong Kong, Key Learning Area

Curriculum Guide (Curriculum Development Council [CDC], 2017) attaches high importance

to programming concepts and algorithm design. Students are instructed to define problems,

analyse problems, design suitable algorithms, code programs and test and debug programs.

The strong emphasis on the concepts of algorithms design and programming procedure shows

its significance in education curricula aiming to strengthen students’ problem-solving skills.

However, educational studies on the programming performance of college students or

novice programmers have pointed out that they have difficulties with algorithm design,

writing and tracing programs (McCracken et al., 2001; Robins, Rountree & Rountree, 2003).

In the public assessment of the Hong Kong Diploma of Secondary Education Examination

2020, examiners reviewed that candidates with low achievement had a minimal understanding

of algorithm design and a weak ability to trace and modify algorithms (Hong Kong

Examination and Assessment Authority [HKEAA], 2020). Secondary school students find it

challenging to understand abstract programming concepts such as logical data structures,



nested loops, recursion and initialisation (Vrachnos & Jimoyiannis, 2017). Pedagogically,

some syllabi and textbooks of programming courses focus more on the programming

language syntax and features than on establishing algorithms and algorithmic problem-solving

skills in the course instruction (Muller, 2005). Researchers point out that students could not

develop systematic programming knowledge due to fragile mental models about

programming objects, attributes, methods and constructs under non-algorithm-based learning

(Eckerdal, & Thuné, 2005; Garner, Haden & Robins, 2005). Some students cannot approach a

problem by basically figuring out “where to start” and “what to solve”.

Pattern-oriented instruction (POI) is one of the pedagogical approaches and design

principles in the computer science curriculum, especially programming learning (Levy & Paz,

2005). It offers a workable solution for constructing students’ algorithm design and

scaffolding programming knowledge. Many studies on POI intervention observe a positive

correlation between students’ programming performance, analogical reasoning, and cognitive

and behavioural self-monitoring and self-regulation (Muller, Haberman, Averbuch, 2004;

Muller, 2005; Muller, Haberman & Ginat, 2007).

Self-regulated learning (SRL) ability reflects the regulation and organisation of

cognition, motivation, behaviour and context (Pintrich, 2000). The Education Bureau

promotes SRL capability in the Secondary Technology Education Curriculum Guide

(Education Bureau, 2017). SRL abilities can be trained by an organised environment,

materials and instruction (Pintrich, 2000), in which POI ofters the pedagogical approach.
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Hence, this research tried to investigate the effectiveness of POI intervention in enhancing

SRL abilities among secondary school students by conducting an experimental study with a

pretest-posttest control group design, together with analysing the efficacy of POI in improving

programming performance among those students.

Literature Review

Pattern-oriented Instruction

Grounded in the theoretical base of Cognitive Theory in Cognitive Psychology, Muller

(2005) proposes POI as a pedagogical methodology by incorporating algorithmic patterns into

programming courses instruction design. This approach aims at developing the algorithmic

problem-solving skills of the students who are learning to program. Examples of algorithmic

patterns proposed in POI include targeted item search, condition judgement in a list, extreme

value computation, and order reverse in a list (Muller, Haberman & Ginat, 2007).

Guidelines in POI in School Context

For better implementation of POI in programming courses, Muller and his colleagues

proposed nine guidelines in the computer science teachers’ training workshops (Muller,

Haberman, Averbuch, 2004):

Guideline 1. Representative example: This instruction provides a comprehensive and

concrete problem as an example. It scaffolds students to firstly access programming.

Guideline 2. Pattern definition: A pattern is abstracted from analogical problems or
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generalised from the previous solutions of more minor issues solved. Algorithmic patterns are

recommended to introduce in the second stage.

Guideline 3. Pattern name: The pattern name is given for illustrating and analysing

the problems and solutions, and it leads to a higher level of discussion among students at later

stages.

Guideline 4. Similar patterns and problems: This instruction tries to link other similar

problems and patterns by pointing out the similarities and differences among the discussed

patterns.

Guideline 5. Comparison of solutions: This instruction allows students to compare

alternative solutions to a given problem, including those related to different patterns. The

comparison of the efficiency of algorithms should be discussed in this stage as well.

Guideline 6. Typical uses: This instruction starts to conclude the representative

contexts where the patterns are applied before.

Guideline 7. Common mistakes and difficulties: Students are instructed to conclude

common errors and difficulties related to the patterns to avoid wrong solutions, based on the

previous programming exercise and patterns discussion.

Guideline 8. Pattern composing: This instruction discusses problems with solutions

from several patterns or multiple uses of the same pattern.

Guideline 9. Entry and turning point: Students are instructed to modify their pattern-

related solutions for similar problems and construct an algorithm solution for a new problem
12



and corresponding patterns. The instruction works as a transition point from one specific issue

to another.

Analysis of A Sample POI

A sample of POI with teaching Maximum Value Pattern is illustrated below in Figure 1.

From the demonstration of Muller’s instruction, the sample indicates a simple pattern used to

find the maximum values in a list and a nesting pattern used to process each number of the

given list. Similar problems and solutions can be finding minimum values in a given list and

finding maximum odd values in a given list. They are the subset patterns of searching

particular values in a collection. A further proposed pattern is “searching an element in a

collection”. For a higher level of discussion for students, the alternative solution is the

initialisation of Max to the lower bound. By composing solutions and reconstructing patterns,

other aspects of real-life problems with similar pattern collections can be analysed, such as the

furthest distance on a city map and the computation of fireworks stations (Muller, Haberman,

Averbuch, 2004).
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Figure 1 Representative Example of the Maximum Value Algorithmic Patterns (Muller,

Haberman, Averbuch, 2004)

Name: Maximum Value

Initial state: collection of values.

Goal: maximal value in the collection
Algorithm:
Initialize Max to First_value
While there are more items do
Assign next element to Next_Element
If Next Element = Max then
Assign Next Element to Max

Remarks: Here important highlights concerning the pattern and its
use are indicated, as well as 1ts related patterns.

Importance of POl Adoption in Programming Learning

Pattern-based and schema-based models have been adopted in Mathematics learning

for raising Mathematics awareness and problem-solving skills (Philippou & Christou, 1999).

In the programming educational community context, POI has been researched to advance

problem-solving competencies in coding. In longitude research of Muller and his colleagues,

they examined the influence of POI on 275 high-school students majoring in computer

science (Muller, Haberman & Ginat, 2007). Data showed that POI had improved students’

abstraction and problem-solving skills. Other research scrutinised the importance and

advantages of POI, including problem decomposition and solution construction (Muller,

Haberman & Ginat, 2007), analogical reasoning (Muller, 2005), and meaningful learning

(Nakar, 2019).
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Self-regulated Learning

There are various theoretical orientations and models toward self-regulated learning

(SRL). A common conceptualisation of SRL is assumed that learners with SRL ability can

progressively construct their meanings, goals, and strategies and actively interact with

available information both in the external and internal environment (Pintrich, 2000). Rather

than learning passively or destructively, those students can potentially regulate their learning

in a virtuous circle, explicitly planning, monitoring, controlling, reacting and reflecting

(Zimmerman, 2013).

Importance of SRL

Pintrich (2000) summarises a framework for classifying the different phases of SRL

regulation. The area for regulation includes cognition, motivation, behaviour and context.

Under the cognitive areas in SRL, students with higher SRL ability are observed to have the

characteristics such as task-specific goals setting (Lee, Watson, & Watson, 2019), better

problem construction and presentation (English, & Kitsantas, 2013), organisational and

elaboration strategies (Cho, 2004), learning judgment (Azevedo, Moos, Johnson, &

Chauncey, 2010), better analogical reasoning (Aminah, Kusumah, Suryadi, & Sumarmo,

2018), critical mathematical thinking (Retnaningsih, & Sugandi, 2018) and problem-solving

(Fuchs et al., 2003).
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SRL Ability during Programming Learning

Garcia and her colleagues summarise the alignment of 15 SRL strategy categories and

students’ usage in programming learning (Garcia, Falkner & Vivian, 2018). The categories are

listed below.

Category 1. Goal setting and planning. Students can set goals for programming

assignments and time limits.

Category 2. Organising and transforming. Students can initiate design plans prior to

programming exercises.

Category 3. Seeking information. Students can initiate information-seeking through

others, textbooks or online resources for further understanding of programming.

Category 4. Keeping records and monitoring. Students can initiate information-saving

and self-work monitoring of learning materials collection.

Category 5. Environmental structuring. Students can initiate a comfortable

environment for conducting learning.

Category 6. Self-consequences. Students can initiate rewards or punishments based

on corresponding conditions during the learning process.

Category 7. Self-evaluation. Students can validate their programming exercises by

self-assessment.

Category 8. Rehearsing and memorising. Students can initiate remembering the

16



objectives in programming through exercises.

Category 9-11. Seeking social assistance from peers [9], teachers [10], and adults

[11]. Students can initiate assistance-seeking from the external human environment.

Category 12-14. Reviewing records from tests [12], notes [13], textbooks [14].

Students can initiate to reread the learning materials collection for reviewing and another

programming.

Category 15. Other learning strategies are prompted by external environments such as

teachers, parents and the Internet.

Relationship between Pattern-oriented Instruction and Self-regulated Learning

Based on the theoretical framework of POI and SRL, similarities can be spotted under

their common ground of cognitive and metacognitive theories. Whilst POI relies on cognitive

schemas and patterns on which students construct and repeat for algorithmic solutions

(Muller, 2005), the level of SRL ability also reflects an individual’s cognitive general schemas

for approaching and accomplishing tasks and evaluating their performance on the task

(Pintrich, 2000).

Besides, students instructed by POI and trained by SRL perceive a common goal: to

solve problems actively instead of passively. Muller and his colleagues point out in the main

guidelines of POI that programming patterns should be well-planned selection for guiding

students toward problem-solving (Muller, Haberman & Ginat, 2007). Similarly, SRL

promotes students' skills of problem-solving with approach-performance orientation (Pintrich,
17



2000).

In addition, the usefulness of POI in programming learning focuses on the related

boosted outcomes, which can also be received from SRL training. It is observed that POI

contributes to students’ self-confidence and enriches their strategies selection (Muller,

Haberman & Ginat, 2007), whilst students in SRL training are observed to enhance their level

of self-efficacy and resource management (Zimmerman & Martinez-Pons, 1990).

Research Purpose and Questions

Research Purpose 1: Investigating the Effectiveness of POI in Enhancing SRL Ability in

Learning Programming

In the computer science education domain, especially programming learning, studies

of the efficacy of the instructional intervention in SRL ability improvement mainly focuses on

metaphors and pair programming (Hui & Umar, 2011), solution-based intelligent tutoring

system (Hooshyar, Ahmad, Yousefi, Fathi, Horng & Lim, 2018), automated feedback

generation system (Kuening, Jeuring & Heeren, 2016), web-based environment (Kauffman,

2004; Narciss, Proske & Koerndle, 2007), and hypermedia (Azevedo & Cromley, 2004).

Although POI works as one of the pedagogical approaches for teaching programming

and works as an intervention for active schemas recalling and monitoring that SRL ability also

reflects on, there is little research examining the potentiality of POI as an instructional

intervention adoption to the change of students’ SRL ability. Therefore, this research aims to
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bridge the research gap. Accordingly, a research question (RQ1) is proposed.

RQ1: Can pattern-oriented instruction enhance self-regulated learning ability in

programming learning among secondary school students?

Research Purpose 2: Investigating the Effectiveness of POI in Enhancing Programming

Performance

Previous research on POI to students’ programming performance found that high

school students in Israel tended to formulate improved written and verbal ideas, program

more efficient and stylish algorithmic solutions, and acquire a better knowledge of algorithms

(Muller, 2005). Students are also examined to meet learning outcomes in computer science

concepts presented in the framework of Bloom’s taxonomies (Nakar, 2019). It evidences a

positive relationship between POI adoption in class and students’ programming performance

from previous research.

In Information and Communication Technology education in Hong Kong, Key

Learning Area Curriculum Guide (CDC, 2017) lists the learning outcomes for secondary

students in programming, including applying different and systematic approaches to solve

problems, developing related programming capabilities and concepts, and programming

simple codes to solve problems. Secondary 4-6 students majoring in Information and

Communication Technology are assessed to formulate suitable programming styles, illustrate

different programming paradigms and systematically apply concepts underlying software

19



development (Curriculum Development Council, Hong Kong Examinations and Assessment

Authority [CDC & HKEAA], 2015). Based on the curriculum guides in different Key Stages,

students’ programming performance is measured with understanding and application of

problems identification, data manipulation, and algorithm design. For example, the public

assessment in The Hong Kong Diploma of Secondary Education Examination examines

students’ acquisition of flowcharts and pseudocode in programming performance (CDC &

HKEAA, 2015).

To understand more about POI intervention in the secondary school context, this

research aims to investigate the effectiveness of POI adoption on students’ programming

performance under the learning objectives of the Hong Kong curriculum. Accordingly, a

research question (RQ2) is proposed:

RQ2: Does pattern-oriented instruction enhance students’ programming performance

in a secondary school context?

Research Design and Methods

Design

A pretest-posttest control group design with random assignment of student subjects to

two groups and an explanatory mixed-methods design (QUAN-Qual model) was adopted to

explore the effectiveness of the POI intervention and traditional strategy instruction self-

regulated learning abilities and programming performance improvement.

20



Participants

This study recruited ten students (four males and six females) from a secondary school

whose elective in the public examination is Information and Communication Technology. All

student participants were in Grade 11 and 17 years old. At the outset of this study, all

participants reported no experience with text-based programming. At the same time, the class

teacher stated that the selected students had minimal experience with text-based programming

such as Java and Python, where the learning experience was very unsatisfactory. Students

were randomly divided into a POI Group and a Control Group. A subject teacher who teaches

Information and Communication Technology and Computer Literacy was invited to

participate and observe the research process. All participants were invited as individual

subjects under the consent of the school.

Table 1 presents the personal information concerning student participants’ gender and

standardised achievement scores in Mathematics and Computer courses.
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Table 1 Demographic Information

Variable POI Group Control Group
Gender

Male 2 2

Female 3 3

Standardised achievement scores

Computer
M 73.40 81.80
SD 10.64 17.81
Mathematics
M 85.20 91.60
SD 9.50 7.09

Note: POI = pattern-oriented instruction. Standardised achievement scores in Computer and

Mathematics were obtained from the school teacher provided information.

Data Collection and Analysis

There were two critical phases of data collection in the study, the pre-intervention

phase for quantitative data collection and the post-intervention phase for quantitative and

qualitative data collection. The QUAN-QUAL model was applied in the data analysis (Mills

& Gay, 2019). A pre-test and post-test of a revised Chinese version of The Motivated

Strategies for Learning Questionnaire (MSLQ-RCV) and computer programming

performance test (CPPT) were conducted in the pre-intervention and post-intervention stages.

After the intervention, semi-structured interviews with two groups of students and a class

teacher were conducted. Accordingly, the verbal data can support, explain or elaborate on the

quantitative results (Cohen, Manion & Morrison, 2007).
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Quantitative Data Collection

The original MSLQ co-designed by Pintrich and his colleagues (Pintrich, Smith,

Garcia, & McKeachie, 1991) is used to assess college students’ motivational orientations and

learning strategies. As the original MSLQ was developed in the 1990s and designed for

college students, this study adopts a revised MSLQ for data collection methods to ensure

validity and reliability. Under the Hong Kong Chinese context, a revised Chinese version of

MSLQ (MSLQ-RCV) is examined with the data from 2,005 Hong Kong secondary students

(Lee, Yin, & Zhang, 2010). It assesses students’ self-efficacy (7 items), intrinsic value (9

items), extrinsic value (4 items), and test anxiety (4 items) for the motivational section (24

items). Additionally, the questionnaire evaluates students’ strategy use (19 items) and peer

learning (7 items) for the learning strategies (26 items). The sample MSLQ-RCYV is attached

in Appendix 1a, and the scale of analysis is in Appendix 1b.

CPPT is a paper-based assessment revised from the Hong Kong Diploma of Secondary

Education Examination (Information and Communication Technology subject core paper)

based on students’ grades and pre-knowledge of programming. The test consists of seven

multiple questions and three long questions with 100 points. The CPPT test is attached in

Appendix 2. The assessment objectives in the CPPT align with the learning objectives in the

Key Learning Stage (CDC, 2017).
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Quantitative Data Analysis

The purpose of conducting two quantitative pre-tests is to obtain baseline data and

measure the initial differences in SRL ability level and programming knowledge between the

two student groups before POI intervention and traditional teaching. The purpose of

conducting the two quantitative post-tests aims to analyse the difference in SRL ability level

and programming performance compared to the pre-tests between the two student groups.

This study analysed quantitative data using the statistical software platform, IBM®

SPSS® Statistics (version 26) (IBM, n.d.). First, two sets of descriptive statistical analyses

were performed separately to analyse the MSLQ-RCV score and CPPT score. Both kinds of

scores were recognised as interval data types.

For research question 1 (RQ1), a null hypothesis “there is no statistically significant

relationship between POI intervention and SRL ability level enhancement” is assumed. After

assessing the normality of the distribution of scores, a parametric technique (paired-sample t-

tests) or a non-parametric method (Wilcoxon Signed-Rank Test) was applied to compare the

two groups.

Determining and comparing the p-value to the predetermined significance level was

applied to determine any significant difference between students with POI intervention and

SRL ability level improvement in programming learning. One independent variable (POI

intervention) and one dependent variable (SRL ability level change of scores calculated from

24



MSLQ-RCYV in pre-test and post-test).

For research question 2 (RQ?2), a null hypothesis “there is no statistically significant

relationship between POI intervention and programming performance enhancement” is

assumed. After assessing the normality of the distribution of scores, a parametric technique

(paired-sample t-tests) or a non-parametric method (Wilcoxon Signed-Rank Test) was applied

to compare the two groups.

Determining and comparing the p-value to the predetermined significance level was

applied to determine any significant difference between students with POI intervention and

programming performance improvement in programming learning. One independent variable

(POI intervention) and one dependent variable (programming performance change of scores

calculated from CPPT in pre-test and post-test).

Qualitative Data Collection and Analysis

Apart from quantitative data, verbal data collection as a qualitative method was

conducted through semi-structured interviews with students and the class teacher who teach

Information and Communication Technology and Computer Literacy. It was used to explore

further differences in SRL ability level and programming performance from the perspectives

of the students and the class teacher’s observation. Standardised open-ended interviews were

conducted with five students from the treatment group, five from the control group and one

class teacher. They were invited to share their new sight and personal observation of the
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changes individually. The interview question samples for students and the class teacher are

attached in Appendix 3a, 3b and 3c, respectively. Those verbal data were converted into

transcripts analysis and classified into different SRL ability categories (self-efficacy, intrinsic

value, extrinsic value, test anxiety, strategy use, and peer learning) and programming

performance assessment objectives (understanding and application of problems identification,

data manipulation, and algorithm design).

Research Procedures

The study conducted five classes in the treatment group with POI intervention (X1)

and five courses in the control group without POI intervention. The POI intervention was

designed based on nine guidelines from Muller, Haberman and Ginat (2007). Five selected

patterns discussed in the POI class are attached in Appendix 4. The first class of both groups

finished the pre-test of MSLQ-RCV (O1) and CPPT (O2). After five lessons of programming

learning, students in two groups completed the post-test of MSLQ-RCV (Q3) and CPPT (Q4).

Students from the treatment group (I1) and the control group (I12) were invited to have the

semi-structured interview. The class teacher (I3) was interviewed after the post-test as well.

The analysis of semi-structured interview transcript is attached in Appendix 5.

The experimental research procedure with the pretest-posttest control group design is

illustrated in Table 2. Each pattern would be discussed in the POI Group, and traditional

learning content would be delivered in the Control Group is listed in Appendix 6, with the

alignment of the learning objectives in Information and Communication Technology (CDC &
26



HKEAA, 2015).

Table 2 Experimental Procedures

Group Pre-test Intervention (POI) Post-test
POI Group 01, 02 X1 03, 04
Control Group 01, 02 03, 04
Participant Pre-test Intervention (POI) Post-test
5 students from POI Group I1

5 students from Control Group 12
Class teacher 13

Figure 2 Students in Two Groups Finishing the Pre-test

27



Figure 3 Lesson 3 Class Activity in POI Group

Result and Discussion

Prior to conducting statistical analyses to compare the two groups with samples lower

than 50, seven Shapiro-Wilks Normality Tests were conducted to assess the normality of the

distribution of scores for seven domains in the study. After determining the Sig. values in tests

of normality in six fields in SRL ability, a non-significant result (Sig. value of more than 0.05)

indicates normal distribution in the sample. Therefore, a parametric technique, paired-samples

t-test, was conducted to determine any significant change in SRL ability between two groups

of students. On the other hand, a significant result (Sig. value of less than 0.05) was found in

the normality test in CPPT, which signifies a non-normal distribution in the sample. Hence, a

non-parametric technique, Wilcoxon Signed-Rank Test, was conducted to determine any

significant change in programming performance between two groups of students.

Table 3 Statistical Techniques to Compare Groups in Each Domain
28



Domain Statistical Techniques to Compare Groups

Self-efficacy

Intrinsic value
. Extrinsic value ‘ ‘ ‘
SRL ability _ Parametric technique  Paired-Samples t-test
Test anxiety
Strategy use

Peer learning

Computer
Programming programming Non-parametric Wilcoxon Signed-
performance performance test technique Rank Test
(CPPT)

Effectiveness of POI in Enhancing SRL Ability in Learning Programming

The student participants in the POI Group and the Control Group completed the

MSLQ-RCV questionnaire. The result from Table 4 reported higher SRL ability scores

compared to the mean in pre-test and post-test in general. The box-plot graph (Figure 4) also

visually illustrates the distribution of changes in SRL sum scores in the two groups of

students. Students who received POI intervention significantly increased their SRL ability in

learning programming, which positively responds to the RQ1. A detailed discussion on

different six aspects of SRL ability, namely self-efficacy, intrinsic value, extrinsic value, test

anxiety, strategy use and peer learning, is below.
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Table 4 Comparison in Pretest-Posttest of Mean and Standard Deviation in Two Groups

n M SD
Test POI Control POI Control POI Control
Pre-test 5 5 151.40 159.40 27.62 20.50
Post-test 5 5 188.40 164.80 17.90 21.32

Note: POI = pattern-oriented instruction group,; Control = control group without intervention

Figure 4 Box-plot Graph on the SRL Scores of Pretest-Posttest in Two Groups
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A Significant Enhancement in Self-efficacy Domain

A significant enhancement was found in the POI Group compared to the Control

Group in the self-efficacy domain, which was implied by the pre-test and post-test

questionnaires statistics. Two paired-samples t-tests were conducted to evaluate the impact of

POI intervention and traditional teaching on students’ self-efficacy scores (7 items) in MSLQ-
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RCV. Pair 1 was grouped from the POI Group’s pre-post-test sum data, and Pair 2 was

summarised from the Control Group’s numeric data in Table 5. Comparing two pairs’ mean

(Mpor = -5.8, Mconror = -1.6), students’ self-efficacy ability was strengthened through

programming learning in general. However, there was a statistically significant enhancement

in the POI Group from pre-test (M = 17.40, SD = 3.78) to post-test (M =23.2, SD =2.17), t

(4) =-6.328, p < .05 (two-tailed). The mean increase in self-efficacy scores was 5.80, with a

95% confidence interval ranging from -8.34 to -3.26. The eta squared statistic (.90) implied a

large effect size (Cohen, 1988). The statistical result suggests a significant increase in the POI

Group’s self-efficacy through the experiment.

Table 5 Paired-Samples Test of Self-efficacy Domain

Paired Samples Statistics

Mean N Std. Deviation = Std. Error Mean

Pair 1  SelfEfficacy POI presum 17.4000 5 3.78153 1.69115
SelfEfficacy POI posum 23.2000 5 2.16795 96954

Pair2  SelfEfficacy Con_presum 21.2000 5 2.77489 1.24097
SelfEfficacy Con_posum 22.8000 5 3.49285 1.56205

Paired Samples Correlations

N Correlation Sig.
Pair 1  SelfEfficacy POI presum & 5 903 .036
SelfEfficacy POI posum
Pair2  SelfEfficacy Con_ presum & 5 934 .020

SelfEfficacy Con_posum
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Paired Samples Test

Paired Differences

Std. 95% Confidence Interval ; Jaf Sig. (2-

Std. Error of the Difference tailed)
Mean Deviation = Mean Lower Upper
Pair 1  SelfEfficacy ~ -5.80000  2.04939  .91652 -8.34465 -3.25535 -6.328 4 .003
POI presum -
SelfEfficacy
POI posum
Pair2  SelfEfficacy -1.60000  1.34164  .60000 -3.26587 06587 -2.667 4 .056
Con_presum -
SelfEfficacy
Con_posum

Students agreed they had improved self-efficacy during the programming courses in

the semi-structured interview with the two groups. Two groups of students mentioned they

believed they could understand the content taught in the class and overcome complex

programming problems, which inferred their self-efficacy increased after the programming

learning from their verbal data. Furthermore, one student in the POI Group mentioned, “These

(POI) programming exercises seem different from the traditional one. I like this way, so I

believe I can do a better job in later coding class.” It suggested that students may find the POI

instruction was interesting enough and had the potential to enhance their learning motivation.

Accordingly, their self-efficacy toward programming learning was reinforced.

However, the self-efficacy items related to peer competition and examination present a

decreasing tendency in the POI Group. Compared to the mean difference (pre-post-test) in the

mentioned items in Table 6, the POI Group reported their expectation of achievement in peers
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was not much higher than the Control Group. One student said, “The case studies were funny,

but I am not sure whether I can do better in exams.” in the semi-structured interview. It

implied that POI students might not have much confidence in dealing with peer pressure from

the examination.

Table 6 Mean Differences in Two Groups on Items of Peer Competition and Examination

Item Mean Difference

POI Group Control Group

12. I think I will receive good grades in my exams. ¥

= N A PA A 0 '0.2
TR A DUSEHE RS -

17. I know that I will be able to learn the materials for

the tests and exams. FREE BEGRFER & B 5 A1 B 0.2 0.2

HISRAE L -

A Significant Enhancement in Intrinsic Value Domain

In the intrinsic value domain, a more significant increase was observed in the POI

Group compared to the Control Group. Table 7 displays two paired-sample t-tests of the

intrinsic value domain (9 items) in MSLQ-RCV. Two paired tests, Pair 3 as POI Group pre-

post-test and Pair 4 as Control Group pre-post-test, denoted that students’ intrinsic motivation

was improved after the programming courses. Apparently, POI Group students were much

more intrinsically motivated than the Control Group with the POI Group from pre-test (M =

24.60, SD = 4.34) to post-test (M = 34.80, SD = 3.27), t (4) =-4.896, p < .05 (two-tailed). The

mean increase in intrinsic value scores was 10.20, with a 95% confidence interval ranging
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from -15.98 to -4.42. The eta squared statistic (.80) revealed a large effect size (Cohen, 1988).

It indicates a more significant enhancement in intrinsic value after receiving POI instruction.

Table 7 Paired-Samples Test of Intrinsic Value Domain

Paired Samples Statistics

Mean N Std. Deviation = Std. Error Mean
Pair3  IntrinsicValue POI presum 24.6000 5 4.33590 1.93907
IntrinsicValue POI_posum 34.8000 5 3.27109 1.46287
Pair4  IntrinsicValue Con_presum 29.0000 5 2.34521 1.04881
IntrinsicValue_ Con_posum 30.8000 5 3.63318 1.62481
Paired Samples Correlations
N Correlation Sig.
Pair3  IntrinsicValue POI presum & 5 275 .654
IntrinsicValue POI_posum
Pair4  IntrinsicValue Con presum & 5 968 .007
IntrinsicValue_Con_posum
Paired Samples Test
Paired Differences
Std. 95% Confidence Interval
Std. Error of the Difference Sig. (2-
Mean Deviation  Mean Lower Upper t df tailed)
Pair IntrinsicValue ~ -10.20000  4.65833 2.08327  -15.98408 -4.41592 -4.896 4 .008
3 POI presum -
IntrinsicValue
POI _posum
Pair IntrinsicValue ~ -1.80000  1.48324  .66332 -3.64169 04169 -2.714 4 .053
4 Con_presum -
IntrinsicValue
Con_posum
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The comparison of intrinsic value items indicated that POI Group students were more
inculcated in the inner meaning and joy of learning programming. The mean difference of
Items 1, 14 and 16 presented a more positive effect on dealing with challenging tasks and
finding practicality and fun during the POI class time. In the interview, POI students
mentioned they enjoyed the real-life examples applied and analysed in the patterns and even
tended to apply pattern-oriented thinking to other subjects and daily life. The class teacher
also noticed that the POI students were much “happier and more engaging” in thinking about
patterns in daily life examples. It reflected that POI had the potential to extend the degree to
which students perceive themselves to participate in a programming task for internal reasons,

such as challenge, curiosity and mastery.

Table 8 Mean Differences in Two Groups on Items Related to Internal Reasons

Item Mean difference

POI Group Control Group

1. I prefer class work that is challenging so I can learn

new things. &5 ZEEAPEMEAVERSE - [NILFAES -1.8 0.2
TR -

14. 1 think that what I am learning in school is useful for

me to know. FEE R AR E T2 BN R PG A 2.2 -0.4
)EH °

16. I think that what we are learning in school is

interesting. Pt R WP IEERIMFTE2AIRAH -

-2.2 0
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No Statistically Significant Difference in Enhancing Extrinsic Value Domain

The paired-samples test revealed no statistically significant change in the POI Group

in the extrinsic value domain. Table 9 shows the paired-sample test of the extrinsic value

domain (4 items) in MSLQ-RCV. Pair 5 was compared to the POI Group pre-post-test, and

Pair 6 was grouped from Control Group pre-post-test data. The p-value in Pair 5 (p=0.074) is

higher than 0.05, which provided statistical evidence to interpret the null hypothesis that

“there is no statistically significant relationship between POI intervention and extrinsic value

enhancement”.

Table 9 Paired-Samples Test of Extrinsic Value Domain

Paired Samples Statistics

Mean N . Deviation = Std. Error Mean
Pair 5  ExtrinsicValue POI presum 12.6000 5 2.07364 92736
ExtrinsicValue POI posum 14.8000 5 2.94958 1.31909
Pair 6  ExtrinsicValue Con_presum 12.4000 5 1.67332 74833
ExtrinsicValue Con posum 14.2000 5 2.16795 96954
Paired Samples Correlations
N Correlation Sig.
Pair 5  ExtrinsicValue POI presum & 5 719 171
ExtrinsicValue POI_posum
Pair 6  ExtrinsicValue Con_presum 5 .868 .056

& ExtrinsicValue Con_posum
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Paired Samples Test

Paired Differences

Std. 95% Confidence Interval

Std. Error of the Difference Sig. (2-
Mean  Deviation Mean Lower Upper t df tailed)
Pair ExtrinsicValue  -2.20000  2.04939 .91652 -4.74465 34465 -2.400 4 .074
5 POI presum -
ExtrinsicValue
POI posum
Pair  ExtrinsicValue -1.80000  1.09545 .48990 -3.16017 -43983 -3.674 4 021
6 Con_presum -
ExtrinsicValue
Con_posum

Comparing the mean difference of the POI Group, there was a slight increase in the

extrinsic value domain (M = -2.2 <0). The class teacher stated that the students selected for

the experiments did not obtain as high academic achievement as the top students in their class.

Students who participated in this study may not orient themselves to the programming task for

the external rewards and competition. Nevertheless, POI Group students shared that they

believed learning alternative ways of solving problems in programming can “get a good grade

like them (top students)”, which infers they valued the learning progress and were

extrinsically motivated by the peer competition.

A Significant Decrease in Handling Test Anxiety Domain

In the handling test anxiety domain, a statistically significant decrease was observed in

the POI Group compared to the Control group of traditional teaching. Table 10 shows the

paired-sample test of the test anxiety domain (4 items) in MSLQ-RCV. POI Group from pre-
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test (M = 12.60, SD = 1.14) to post-test (M = 15.80, SD = 1.64), t (4) = -3.72, p < .05 (two-

tailed), in which signified the ability of handing anxiety was weaker than before. On the

contrary, the Control Group from pre-test (M = 14.00, SD = 2.35) to post-test (M = 11.00, SD

=1.87), ¢t (4) =3.87, p <.05 (two-tailed), indicating students who received the tradition

teaching perceived more positive thoughts towards exams. The mean increase in test anxiety

scores was 3.20, with a 95% confidence interval ranging from -5.59 to -.81. The eta squared

statistic (.80) meant a large effect size (Cohen, 1988). The statistical results suggest a

significant decrease in handling test anxiety in the POI Group.

Table 10 Paired-Samples Test of Test Anxiety Domain

Paired Samples Statistics

Mean N Std. Deviation = Std. Error Mean
Pair 7  TestAnxiety POI presum 12.6000 5 1.14018 .50990
TestAnxiety POI posum 15.8000 5 1.64317 73485
Pair 8  TestAnxiety Con_presum 14.0000 5 2.34521 1.04881
TestAnxiety Con_posum 11.0000 5 1.87083 .83666
Paired Samples Correlations
N Correlation Sig.
Pair 7  TestAnxiety POI presum & 5 .080 .898
TestAnxiety POI posum
Pair 8  TestAnxiety Con_ presum & 5 .684 203

TestAnxiety Con_posum
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Paired Samples Test

Paired Differences

Std.  95% Confidence Interval
Std. Error of the Difference Sig. (2-
Mean  Deviation Mean Lower Upper t df tailed)
Pair TestAnxiety  -3.20000  1.92354 .86023 -5.58839 -.81161  -3.720 4 .020
7 POI presum -
TestAnxiety
POI posum
Pair TestAnxiety ~ 3.00000  1.73205 .77460 .84937 5.15063 3873 4 .018

8 Con_presum -
TestAnxiety

Con_posum

After receiving the POI intervention, it was found that the degree of anxiety was

increased, especially in the cognitive and emotional components. One POI Group student

shared that “I like the patterns and examples in class, but I know public exams would not test

them”, implying that they were worried about the quizzes and exams which do not directly

assess programming patterns. Another POI Group student stated that “I think I need more

time to prepare for the exam later, though I will try my best to think to code in patterns”. It

inferred that students might need time to comprehend programming patterns in preparation for

standardised public exams. The class teacher also proffered that when it comes to taking the

current standardised examinations, the POI instruction may not provide the best approach to

assist senior secondary students in preparing for the public exam. Nevertheless, POI

instruction can be applied in the junior secondary cohort to meet learning objectives for

understanding the programming concepts and algorithms design.
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A Significant Enhancement in Strategy Use Domain

A statistically significant enhancement was observed for the strategy use domain in the
POI intervention group. Table 11 presents the paired-samples test of the strategy use domain
(19 items) in MSLQ-RCV. Pair 9 compared the pretest-posttest in the POI Group and Pair 10
compared the pretest-posttest in the Control Group. Two groups enhanced their strategy use of
SRL ability after the programming course series when taking mean differences is a negative
value (Mpor = -14.2, Mconwror = -2.4). It appears that students in POI Group enhanced
increasingly their learning strategy usage from pre-test (M = 59.20, SD = 10.92) to post-test
(M =173.40,SD =6.47), t (4) =-4.293, p < .05 (two-tailed). The mean increase in strategy use
scores was 14.20, with a 95% confidence interval ranging from -23.38 to -5.02. The eta
squared statistic (.80) displayed a large effect size (Cohen, 1988). The statics data suggest a

significant enhancement in strategy use after receiving POI intervention.

Table 11 Paired-Samples Test of Strategy Use Domain

Paired Samples Statistics

Mean N Std. Deviation = Std. Error Mean

Pair9  StrategyUse POI presum 59.2000 5 10.91788 4.88262
StrategyUse POI_posum 73.4000 5 6.46529 2.89137

Pair 10  StrategyUse Con_presum 58.8000 5 11.23388 5.02394
StrategyUse Con_posum 61.2000 5 10.13410 4.53211
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Paired Samples Correlations

N Correlation Sig.
Pair9  StrategyUse POI presum & 5 753 142
StrategyUse POI posum
Pair 10  StrategyUse Con presum & 5 989 .001

StrategyUse Con_posum

Paired Samples Test

Paired Differences

Std. 95% Confidence Interval

Std. Error of the Difference Sig. (2-
Mean Deviation Mean  Lower Upper t df tailed)
Pair StrategyUse ~ -14.20000  7.39594 3.3075 -23.38328 -5.01672 -4.293 4 013
9 POI presum - 7
StrategyUse
POI posum
Pair StrategyUse ~ -2.40000  1.94936 .87178 -4.82045 .02045 -2.753 4 .051
10 Con_presum -
StrategyUse
Con_posum

To further analyse the items in the learning strategy use domain, cognitive and
metacognitive strategies such as elaboration and organisation were frequently applied in the
POI Group. Table 12 highlights five items evidencing the more significant difference between
the two groups of students. To build long-term memory, they focus on assessing how learners

connect new information with organisation strategies (Item 26, 36) and elaboration strategies

(Item 27, 34, 39).
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Table 12 Mean Differences in Two Groups on Items Related to Internal Reasons

Item Mean difference

POI Group Control Group

26. When I study I put important ideas into my own

words. FFIEFTRFIHYEERIH - HHCHI TGRS 18 0
HodfE -

32. 1 use what I have learned from old homework

assignments and the textbook to do new assignments. &,

7 LRI SE A TR AckIBn ke 14 0
Thit -

34. When I am studying a topic, I try to make everything
fit together. FESHEHUE —ERARMONG - 28

-1.6 -0.2
=Rl O
36. When I read materials for my classes, I say the words
over and over to myself to help me remember. & Ff:E 18 04

REMRIS - TG EERGE - AEBER

39. When I am studying I try to connect the things I am
reading about with what I already know. F¢E Uk -1.2 -0.4

R - MIBAEFTELHYEH AREZK -

All students in the POI Group reported they had used daily examples and patterns

discussed in previous classes to assist them in understanding and analysing the patterns

involved. It evidences that students acquired the learning strategies to integrate the

information with prior knowledge and construct internal connections among real-world

problems. They can activate their previous learning and evaluate the patterns acquisition.

Three of five students reported that they learned how to name and create new patterns during

and after class times, which indicated that the POI intervention assisted students in cultivating
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active and effortful habits to construct connections among the information to be learned.

No Statistically Significant Change in Peer Learning Domain

The paired-samples test evidenced no statistically significant change in the POI Group
in the peer learning domain. Table 13 displays the paired-sample test of the peer learning
domain (7 items) in MSLQ-RCV. Pair 11 was compared to the POI Group pretest-posttest,
and Pair 12 was grouped from Control Group pretest-posttest data. The p-value in Pair 11
(p=0.108) is higher than 0.05, which provided statistical evidence to interpret the null
hypothesis that “there is no statistically significant relationship between POI intervention and

peer learning enhancement”.

Table 13 Paired-Samples Test of Peer Learning Domain

Paired Samples Statistics

Mean N Std. Deviation = Std. Error Mean

Pair 11  PeerLearning POI presum 25.0000 5 7.58288 3.39116
PeerLearning POI posum 26.4000 5 6.46529 2.89137

Pair 12 PeerLearning Con_presum 24.0000 5 5.83095 2.60768
PeerLearning Con_posum 24.8000 5 5.40370 2.41661

Paired Samples Correlations

N Correlation Sig.
Pair 11 PeerLearning POI presum & 5 989 .001
PeerLearning POI posum
Pair 12 PeerLearning Con presum & 5 984 .002

PeerLearning_Con_posum
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Paired Samples Test

Paired Differences

Std. 95% Confidence Interval

Std. Error of the Difference Sig. (2-
Mean  Deviation Mean Lower Upper t df  tailed)

Pair PeerLearning POl -1.40000  1.51658 .67823 -3.28308 48308 -2.064 4 .108
11 _presum -

PeerLearning POI

_posum
Pair PeerLearning Con  -.80000 1.09545 .48990 -2.16017 56017 -1.633 4 178
12 _presum -

PeerLearning Con

_posum

Taking the mean difference in the POI Group, there was a slight enhancement after

receiving POI intervention (M = -1.4 <0). In the semi-structured interview, four of five

students in the POI Group shared that they would like to discuss exciting patterns in daily life

and work together to analyse programming problems. However, two of them reported that

they preferred to ask teachers rather than their groupmates due to negative judgment or

misunderstanding from peers, which made them unpleasant. It demonstrated that students in

POI intervention might not provide sufficient peer support or tutoring as the programming

patterns are not so standardised among all students. Students prefer to learn and solve

problems by themselves and seek help from one-on-one teachers’ assistance to facilitate their

achievement.

Effectiveness of POI in Enhancing Programming Performance

The student participants in the POI Group and the Control Group completed the CPPT

in pre-test and post-test. Table 14 presented that two groups of students received higher
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computer programming scores compared to the pre-test and post-test mean. The box-plot

graph (Figure 5) also visually illustrates the distribution of changes in CPPT scores in the two

groups of students.

Table 14 Comparison in Pretest-Posttest of Mean and Standard Deviation in Two Groups

n M SD
Test POI Control POI Control POI Control
Pre-test 5 5 34.00 38.00 5.48 8.37
Post-test 5 5 56.00 74.00 11.40 11.40

Note: POI = pattern-oriented instruction group, Control = control group without intervention

Figure 5 Box-plot Graph on CPPT Scores of Pretest-Posttest in Two Groups
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Comparing the CPPT pretest-posttest, a statistically significant enhancement in
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programming performance was observed. Table 15 presents the Wilcoxon Signed-Rank Test

of CPPT, which assesses students’ performance in solving programming problems. The mean

rank in the two groups is positive, indicating the programming improvement after the
experiment. Furthermore, the Wilcoxon Signed-Rank Test revealed a statistically significant
enhancement in CPPT of POI Group, z =-2.041, p < 0.05, with a large effect size (r = .90)

(Cohen, 1988). The median score on the CPPT scores increased from pre-test (Md = 30) to

post-test (Md = 40). The statistical data reveals a significant enhancement in the POI Group in

improving their programming knowledge in the standardised test. The results can respond to

RQ2.

Table 15 Wilcoxon Signed-Rank Test of CPPT

Descriptive Statistics

Percentiles
N 25th 50th (Median) 75th
CPPT _POI pre 5 30.0000 30.0000  40.0000
CPPT Con_pre 5 30.0000 40.0000  45.0000
CPPT POI po 5 45.0000 60.0000  65.0000
CPPT Con_po 5 65.0000 70.0000  85.0000
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Ranks

N Mean Rank = Sum of Ranks
CPPT POI po - Negative Ranks 0? .00 .00
CPPT_POI pre Positive Ranks 5° 3.00 15.00
Ties 0°
Total 5
CPPT_Con_po - Negative Ranks 0¢ .00 .00
CPPT Con_pre Positive Ranks 5¢ 3.00 15.00
Ties 0f
Total 5
a. CPPT _POI po < CPPT_POI pre
b. CPPT_POI_po > CPPT_POI pre
c. CPPT_POI po = CPPT_POI pre
d. CPPT Con_po < CPPT Con_pre
e. CPPT Con_po > CPPT Con pre
f. CPPT Con_po = CPPT Con_pre
Test Statistics?
CPPT _POI po- CPPT Con_po -
CPPT POI pre CPPT Con_pre
Z -2.041° -2.070°
Asymp. Sig. (2-tailed) .041 .038

a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

Although students in the POI Group improved their CPPT pre-test and post-test

scores, the absolute mean of difference is lower than the Control Group (Mpor < Mcontror),

which suggests that the POI Group’s improvement is not as apparent as the traditional class.

In the semi-structured interview, the class teacher mentioned that students who received POI

intervention might need more extra assistance from teachers to prepare for the public

examination within serval weeks. It inferred that the POI instruction might not play a pivotal

role in quickly improving students’ academic achievement in standardised test preparation
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within a short period. Students might take time to understand and follow the assessment
objectives in the public examination when applying the programming patterns.

In the post-test CPPT, POI Group students can spot the patterns to which the questions
are applied. Figure 6 displays that one student left the remark “Pattern 5” (conditional count),
discussed and learnt in previous lessons. She stated that it was vital for her to have pattern
identification, and it was the first step to solving the questions. It indicated that POI students
could apply pattern-oriented thinking and improve analogic reasoning to the problem-solving

of standardised tests.

Figure 6 A Post-test Sample from POI Group Student

Q1. T HZEM G EHE?

What is the output of the following algorithm?

LENGTH € 6 b
HEIGHT € 5 @

ARF € LENGTH * HEIGHT
LENGTH <« 4
HEIGHT < 3
B 4 AREA
Al12
B. 20

C.24
4
Concluding Remarks and Future Work

This study has reported how pattern-oriented instruction pedagogy can enhance
students’ SRL ability in learning programming and their programming performance in a

secondary school context. This study adopted a pretest-posttest control group design with
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random assignment of student subjects to two groups and the explanatory mixed-methods

design (QUAN-QUAL model) to investigate the effectiveness of the POI and traditional

teaching instruction. After analysing the quantitative data from MSLQ-RCYV questionnaires

and students’ programming performance scores, and their qualitative verbal data, the study

results indicate that POI intervention can significantly enhance the SRL ability in three

domains: self-efficacy, intrinsic value and strategy use. The results also reveal that POI

intervention can significantly enhance the programming performance in standardised tests.

Additionally, this study observed the POI intervention potentially led to increased test anxiety,

with the students’ and class teachers’ concern about more extra preparation and assistance

required for public examinations. Moreover, students who received POI intervention tended to

learn independently and decrease the desire to have peer learning due to the different

elaborations on different programming patterns.

To generalise the findings of this study, further research work should be undertaken

with a larger sample size in the study such as a larger group of secondary school students,

together with more powerful effect size, such as a longer time of testing and repeated

measures of the assessment including maintenance test during the experiment and follow-up

test after a period of the study. Furthermore, additional data such as students’ self-evaluation

and reflective learning journals can be collected and analysed to provide more information in

the experiments. Those data assists in triangulating the findings and releasing more substantial

evidence.
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Appendix

Appendix la: Pre-post test revised Chinese version of motivated strategies for learning questionnaire (MSLQ-RCV). (Leeg, Yin, & Zhang,

2010) for students

All items are given 1-5 points scale from 1 (not at all true of me) to 5 (very true of me).

R SRR GUEEOTHH (| RE2TRHE - 5 RE2/E)
e | KET | - REr | E2FF

e | AFE G a
1. I prefer class work that is challenging so I can learn new things.
ST B VAR PEOR » PRI AR @A Lt
2. Compared to other students in this class I expected to do well.
SR S L TS R
3. I have an uneasy, upset feeling when I take a test or exam.
EHEE R - PRS2 ~ JE 1 ? ’ * ’
4. It is important for me to learn what is being taught in school.
B R AT PR R R
5. I'like what I am learning in school.
BRI R
6. I am certain that I can understand the ideas taught in my classes. 1 2 3 4 5
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BRI B TR E T BHINE -

7. I think I will be able to use what I learn in one subject in another.

BRBHGRREA AR E ATy - BIEAA R SR -

8. Compared with others in this class, I think I am a good student.

EAEPEEEAHEL - A R — R4 -

9. I often do more than is required of me for homework assignments.

BT SECERTEOR DL MR ©

10. I am sure I can do an excellent job on the class assignments and homework.

BAEIRBEAE E RNk BRI & -

11. I worry a great deal about tests and exams.

HAIEFIE L SRS -

12. T think I will receive good grades in my exams.

o o PAES AT AT UGS S E R -

13. Even when I do poorly on a test or exam I try to learn from my mistakes.

RNfE P A e T S A 4 > IE SRS -

14. 1 think that what I am learning in school is useful for me to know.

Cio o PR IRFE SR AT ER B SR P TA H -

15. My study skills are excellent compared with others in this class.

EA[EJHLFEAAALE - Tl BAFRVERERT -

16. I think that what we are learning in school is interesting.
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BB RN MEE R IR A & -

17. 1 know that I will be able to learn the materials for the tests and exams.

TR BRI IR SRR AR R -

18. When I take a test I think about how poorly I am doing.
Falls - WEEMUEEEZE -

19. Understanding the subject is important to me.

W H SR B R Y -

20. When I take tests, I think of the consequences of failing.
Hally - REEFIRIAVIRR -

21. When I study for a test, I try to put together the information from class and from the textbook.

ERAESNERER - EGIERE TR RN R PERIER ARG &K -

22. When I do homework, I try to remember what the teacher said in class so I can answer the

question correctly.

ERMEhEREy > IESEIEZEAC T (178 > DUEPAE el Z R

23. T ask myself questions to make sure I know the material I have been studying.

HEHCIRLME - BHE% » DIMERIEEH RS2 & 7T -

24. 1t is not difficult for me to decide what the main ideas are when I study.

2 £ ERE N BN PG B A R EEHY

25. Although work is hard, I neither give up nor study the easy part.
ERESIEMRNE > BAGE > tAgHIREESE T -
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26. When I study I put important ideas into my own words.

WGEFTERRVEREAR, - HECHTRESRGHCE -

27. 1 always try to understand what the teacher is saying even if it doesn’t make sense.

B SRR E RTINS - DIEEZATFTER Ay B -

28. When I study for a test I try to remember as many facts as I can.

ERAEHUNELER > EFEHCHRELCENE -

29. Even when study materials are dull and uninteresting, I keep working until I finish.

BIEEDRRRIIRSAIA Al » et FEETIFE R -

30. When I study for a test [ practice saying the important facts over and over to myself.

ERRFHNERER - WG —E N BB E TN A -

31. Before I begin studying I think about the things I will need to do to learn.
FEBHIREEE 2 H - WG F KB ESENINE -

32. T use what I have learned from old homework assignments and the textbook to do new

assignments.

P& (i LLRTATSE ERHIDIER AR A > ARE B SE B I DR -

33. The materials I use for studying are not difficult to understand for me.

HePlE VS EM R P B E A EEH |

34. When I am studying a topic, I try to make everything fit together.
WEFIEIRE —(EREARANE » £ETE B -

35. When I am studying I stop once in a while and go over what I have read.
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ERENER - WGEE MR ZEEAREEHT -

36. When I read materials for my classes, I say the words over and over to myself to help me

remember.

ERERERE ARG > S EERGH - KEBECE

37. 1 outline the chapters in my book to help me study.
Wil E A =E - REEY -

38. I work hard to get a good grade even when I do not like a class.

BIEEA SRR E - Rt G LS -

39. When I am studying I try to connect the things I am reading about with what I already know.
WE IR LTS - FIHRAEFTEAVH G -

40. Getting a good grade in this class is the most satisfying thing for me right now.
IR ERRE T PR S R Y ©

41. When I am reviewing the lessons, I often try to explain the material to a classmate or friend.
EERIRE TR > WACE E SRR E B A RSB A R -

42. The most important thing for me right now is improving my average score in exams, SO my
main concern in this class is getting a good grade.
oA B I BIE RIS AV S 0 NI 1 2R R S F4F R

= o
\\\E\

43. I try to work with other students from this class to complete the assignments.

B B [FIHT [F] 52 S SRR
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44. When I am reviewing the lessons, I often spare time to discuss with some classmates. &= F

SERREFTAY » PR S AR RIS F R 3 -

45. In classroom discussion, I cooperate with other students to complete the learning tasks.

FERREE ST amiy - FONIEA RIS — e & (F > DASEERE T -

46. If I can, I want to get better grades in this class than most of the other students.

NRIRESTIHIEE - PR R IRAEHIG B EE RN 73[R S A YA

47. 1 consult other students when I have problems in review.
EEAR E AR EER - e HBHAMEE -

48. I want to do well in this class because it is important to show my ability to my family, friends,

or others.

HERERA G 8 NRAENGHE - AFEEMANERAEFEZEE -

49. 1 often work with other students to complete the tasks in project learning.
FEERENTE T B A E 2 — 5 B A -

50. I usually ask classmates for help when I meet difficulties in a quiz.

BRI/ NHEE R HEER - PCH R HARES S -

Qualtrics link: https://eduhk.aul.qualtrics.com/jfe/form/SV_4VoMBRBX2RHW6Im
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Appendix 1b Items and Subscales of the Revised Chinese Version of Motivated Strategies for Learning Questionnaire (MSLQ-RCV). (Lee,

Yin, & Zhang, 2010)

Self-efficacy (7 items)

2. Compared to other students in this class I expected to do well. FxHASE 5ELL[E D [E B2 1S 5 4F -
6. 1 am certain that I can understand the ideas taught in my classes. FifEzFEEIBEREFTZAINE -

8. Compared with others in this class, I think I am a good student. ER[E[HF[EEAHLL » FEETE—LTFES -

4

10. I am sure I can do an excellent job on the class assignments and homework. FHEZIFEEIF &

RAIDER LRI -

al

12. I think I will receive good grades in my exams. 32 BT h o IS FE R 4 -

15. My study skills are excellent compared with others in this class. Ed[E]HE[EEAHEL - FeiA B HFHVEEEFLTT -

Intrinsic Value (9 items)

1. I prefer class work that is challenging so I can learn new things. F% 5 =#E B A PLEEAYRE » RILFREEE S 515k -
4. 1t is important for me to learn what is being taught in school. E2FEEH R AN B Ve S F AR e R BEE SEAY ©

5.1 like what I am learning in school. F¥= i FE R FTE ST
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7.1 think I will be able to use what I learn in one subject in another. FZ2EFEGEEFFIFEREETENY » FIHM A EHVER}F -

9. I often do more than is required of me for homework assignments. F& 5 52 i ZETE K DL MY TER -

13. Even when I do poorly on a test or exam I try to learn from my mistakes. B{EEFATHHBOMERTHEE AT > TR ESEERhEE -
14. I think that what I am learning in school is useful for me to know. Fez¥ AFRNE R E e SRS EIRAE H -

16. I think that what we are learning in school is interesting. Ft&¥ FMIEERFTE2AERH

19. Understanding the subject is important to me. B[ FE R T AER E B B o

Extrinsic Value (4 items)

40. Getting a good grade in this class is the most satisfying thing for me right now. IIfEAEDE H15FF & BT ARE E Rom= Y °

42. The most important thing for me right now is improving my average score in exams, so my main concern in this class is getting a good grade. ¥,

46. If T can, I want to get better grades in this class than most of the other students. #IEEFEXSIAVEE » Fedl B IR ESE- R A EE 77 522 5 A Ak

45 o
48. T want to do well in this class because it is important to show my ability to my family, friends, or others. P& EEFLIR IS4 —BE » [R Az8HH4E

KIE ~ REFAMANERAEFEETIZEZ -
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Test Anxiety (4 items)

3. I have an uneasy, upset feeling when I take a test or exam. &FEATONERIF - FeEVERZ ~ HEE -
11. I worry a great deal about tests and exams. FKIEFIE 0 5 F1HI S -
18. When I take a test I think about how poorly I am doing. EElF - & MIEHE = -

20. When 1 take tests, I think of the consequences of failing. (¥ » FeaAHZ| L MAYBE -

Strategy Use (19 items)

21. When I study for a test, I try to put together the information from class and from the textbook. & ¥k - E sk R ER: - FRE SIS EFTE T

HYBRPERIBR A G S E2K

22. When I do homework, I try to remember what the teacher said in class so I can answer the question correctly. = FMIERY - T E 0B EET

PO > DAEIRE EMEEIE R -

23. I ask myself questions to make sure I know the material I have been studying. & H et > HEBEZ > DIEERIREHAEZES T
@'T} 0

24. Tt is not difficult for me to decide what the main ideas are when I study. FEE T EELE NS BIAFR AR 2R R &Y -

25. Although work is hard, I neither give up nor study the easy part. =B EIERIRRE - AGIEE - A B EBSE T -

26. When I study I put important ideas into my own words. FE&IATEEFIAYEE AR - A EH T =GERG E CFE -

27. I always try to understand what the teacher is saying even if it doesn’t make sense. FR&&H E 5l LEFEEENATERAYANE » RIEERTFTER A EE
AT -

28. When I study for a test I try to remember as many facts as I can. & f- 5 slEa R E - IhEFEEHCATEELEANE -
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29. Even when study materials are dull and uninteresting, I keep working until I finish. B[{FTE R RIFIR AR » It @488 TIEFE E 58K -
30. When I study for a test I practice saying the important facts over and over to myself. &¥ - Z 5B RENT - oo —iE W —iEith B EE B 2y
NZ -

31. Before I begin studying I think about the things I will need to do to learn. fEFFHIEEEE 7 Hi » EHFEREFEELETHINE -

32. 1 use what I have learned from old homework assignments and the textbook to do new assignments. F¢ & 55 F DL AT SE Y IERFIERA » 2E
BFGE G Y DIER -

33. The materials I use for studying are not difficult to understand for me. FRFf{o FHHVELEMHRHE AR AR ER E R #H Ay -

34. When I am studying a topic, I try to make everything fit together. F¥E IR E —(ERE AN » 2 EmEER -

35. When I am studying I stop once in a while and go over what I have read. = FEEHF » FEFEE T K » LeEEREEL 5 -

36. When I read materials for my classes, I say the words over and over to myself to help me remember. & T EER E MG » T EEEREE -
REEE -

37.1 outline the chapters in my book to help me study. Fe& il EARZLET - KEBHEY -

38. I work hard to get a good grade even when I do not like a class. B N =ZEFE1E » et & DIUESFRKLE -

39. When I am studying I try to connect the things I am reading about with what I already know. ¥ E i 48 H1E » MR FRTERLHERE

% o
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Peer Learning (7 items)

41. When I am reviewing the lessons, I often try to explain the material to a classmate or friend. ‘& ¥ B AR EFTERY - & HE E B eiE E R A
Y BI A ERE -
43. 1 try to work with other students from this class to complete the assignments. F¢'E =B E Al G [E 22 S E5ERGE(E -

44. When I am reviewing the lessons, I often spare time to discuss with some classmates. & FEE)EERE AR » T 5 fl i fE A0 EL A [5] 225
2A
A ©

45. In classroom discussion, I cooperate with other students to complete the learning tasks. {FERE =15mF - FoflHA [E2—E s EmfAES(E - DL5E
BB -
47. 1 consult other students when I have problems in review. &/ /A BRI ERS » FearsmZd =2 -

50. I usually ask classmates for help when I meet difficulties in a quiz. & FAF/ NGRS EEERT - FedCw m HANE 2552 -
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Appendix 2: Pretest-posttest Computer Programming Performance Test (CPPT)

LENGTH
HEIGHT
AFREA

LENGTH
HEIGHT

A ] BE R
i".:_':: :'J‘_Il AREA

N

A. 12
B. 20
C.24
D. 30

= N o

[FY -

QL. DUNE AN BT 2
What is the output of the following algorithm?

ENGTH * HEIGHT

Q2. fETHIEES AT B ([Eg A TH ?

In the following algorithm, what input value of B will generate a run-time

error?
i B input B
R oe= 2 A= 2
Co— 32 c 2
D+ (BExB-4x3axC BEEFR D < sguare root of (B x B - 4 % A x C)
ﬁﬁﬂ:‘.D output D
A -4
B.2
C.4
D.5

8% A A

Al
& Al
#ith A, B
A.56
B. 10, 20
C.6,10,20
D.5, 6, 10, 20

MB A =5

B

B

< 10
< 20

Q3. M FFISLA BB E AR 1 2
What are the test cases of the following algorithm?

input A
if A=»5
then B ¢ 10
else B < 20
output A, B

Q4. THIEENE R ?
What is the output of the following algorithm?

5+ 5 5«5
C 0 Co— 0
s <10 While 5 < 10
C<+—C + 1 Co—C + 1
5=5+¢C S+<5+¢C
S C Output C
A 1l
B.5
C.4
D.3
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Q5. Y E—{EEH] - NHIE AR EREEE 2

Y is an array. What is the output of the following algorithm?

Y[1] & 4

Execute k from1to 5
Y[k+1] < Y[k] + k

Output Y[6]

Y{1l] & 4
WMkl 1E S BT
Y[k+1l] € Yiki + k

By v(6)
A. 10
B. 14
C.15
D. 19

Q6. Z=ifT MYIEIEMHEY] AR BYELE - AR[S] HY(EZ(EE ?
Dry run the following algorithm on the array AR. What is the value of AR[5]?

TE; :_ i cnt < 1
% cnt < 100 in# 1
while cnt < 100
cRt < ent + 2 cnt <+ cnt & 2
ARlind] == cnt AR[ind] = cnt

ind «— ind #+ 1

ind « ind + 1

Al
B.7
C.9
D.11

Q7. Y DAT {#ifF 17954 - A1 NEFTR.

An array DAT stores English names as shown below.

Q8. NHIMRELR CHEIS A SE R HHEIAY 2

Which of the following pseudocodes produce the same result?

| Bmy | Bob | carol | Dave | ‘(1) IF P < 3 RAND Q > 25 THEN
DAT [1] DAT [2] DAT[3] DAT[4] (o PR‘:_ERE;QJ’} 25 8l Re R+ 1
TERITUL T E A% » 18 DAT Hrff{EcZkEfE " Carol ; ?
. . . ] . (Z) M o > 25 A (2) IF ¢ > 25 THEN
After executing the following algorithm, which element in DAT stores ‘Carol’? MR P < 3 B IF P < 3 THEN
R P . Re R + 1 ReR+1
#E P22 While P > 2
DAT[P] ~ DAT[P-1] DAT({P] ~ DAT[P-1] (3R p < 3§ (3) IF P < 3 THEN
P_P -1 PP -1 E o> 25 B IF Q > 25 THEN
R+ R+ 1 B+« R+ 1
A. DATI[1]
B. DAT[2]
C. DAT[3]
D. DATI[4]
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Q9. THIEEZRMETE 12+ 22432 +4%+ .+ N?) HY{H - JIERNIER(T

The following algorithm is used to find the value of (12+ 22+32+42+ ...+ N?).

What should be in the box?

f A W

5 € 0

& | ]
5 € 5 + HNxN
MoE N -1

Wy s

IMEOT ®

5 & 0

WHILE [ ]
“ 5 + NxN
€« N -1

W= om

CUTPUT

Q10. HImZEHy—H 4l Merr « HEVAZDOR M P EE i A —(E8
BHEAIEHEm AL - FIEEATEE FAEE 2

Part of a flowchart is shown below. The algorithm requests the user to
repeatedly enter a number until a positive number is entered. What should be
filled in the decision box?

e “
/ BA x 7 Ty
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Appendix 3a: Semi-structured Interview Questions (for students received POI

intervention)

Knowledge Recall &135[2]EH
1. What have you learned in the programming courses? For example, which course is the most
impressive to you? SR IRESRIZARE T1E2 7 (HEE 7 BHRAGR - WE—EERIIN 2 mm ISR
A ? SRR -
2. Do you think you meet the learning objectives for understanding the programming concepts
and algorithms design? Please explain with examples. {/R&E B /R EE %22 FRH H 4R fE i Al
FoEaeatHyERE HAENE 7 AR BIEA -

Self-efficacy HIRXUFERL
3. Do you think you have improved your self-efficacy during the programming course? And
why? (For example, you feel confident in your ability to do well in a tough programming
challenge. ) fEE2EGRIEAVIERE T » (REE R IREETT T B BSUBEERNS 7 (B iR fig A dmte
i - WECHREEIEAEL °)

Intrinsic value N7EEE

4. Do you think you have improved your intrinsic value during the programming course? And

why? {EELBARIZATIBIE (KRB B IR T PITE(EIEDS ? A2 2

Extrinsic value 4ME{E{E

5. Do you think you have improved your extrinsic value during the programming course? And

why? IEERBRFRATIBRLST - (TR A ITHTT T SMERIAYS  B(HE 2

Test anxiety Z 3 EE
6. How do you feel about test anxiety during the programming course? And why? F2E 4552

HUAERET > IREVSE SRR ER AT 2 Ry 2

Strategy use 2535 5REE{HEF

7. Do you think you have more learning strategies in the programming course than before? And

why? TEEHERNTATR L - REl R IRE g T RIS 7 Ry ?
Peer learning [E|{E2%

8. Have you learned with peers during the programming course? And why? 1F22E4R2AVEFE

o RS R ? R
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Appendix 3b: Semi-structured Interview Questions (for students NOT received POI

intervention)

Knowledge Recall &1z5%[C]Eg

1. What have you learned in the programming courses? For example, which course is the most
impressive to you? F5MIRIEARIETRE PEE T (HEE ? BORAER - E—ERsRAYN A il
SURZNN 2 G BER

2. Do you think you meet the learning objectives for understanding the programming concepts
and algorithms design? Please explain with examples. {R2E B {REE %22 FHH H 4R 2 &R0
FOESGTHVERE HAEE 2 552 IR

Self-efficacy HIRXUFERL
3. Do you think you have improved your self-efficacy during the programming course? And
why? (For example, you feel confident in your ability to do well in a tough programming
challenge. ) Eﬁﬁzﬁﬁﬁﬁﬁﬁtﬁ  ARER R IRERT T T B RGBS 7 (BIAN R 4mie
i - WECHREEIEERRELD -

Intrinsic value N7EEE

4. Do you think you have improved your intrinsic value during the programming course? And

why? FEERBEGRRERTBIE T > (REE R IREET T AAEEENS ? Ro(tEE ?

Extrinsic value 4ME{E{E

5. Do you think you have improved your extrinsic value during the programming course? And

why? E2EEREIZHVERE T - REERIREETT TIMEMIEYS ? Ry ?

Test anxiety
6. How do you feel about test anxiety during the programming course? And why? F2E 4552

R > R S S IR 7 B 2

Strategy use

7. Do you think you have more learning strategies in the programming course than before? And

why? FEEREGRREHTRTIREILE - RS RIREEE T BRI GRS 2 Ry T8 2

Peer learning
8. Have you learned with peers during the programming course? And why? 1F22E4R2AVEFE

o RS R ? R
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Appendix 3c Semi-structured Interview Questions (for class teachers)

Knowledge Recall 415%[5]&S

1. Do you think your students can meet the learning objectives for understanding the programming
concepts and algorithms design? &0 F EHYER A B S 2 B B SRR R SR B A TV ERE B
fng 2

Self-efficacy B IRZAERL

2. Do you think your students have improved their self-efficacy during the programming course? £

SEGENEET > SRR ALETT T B HSUEE RS ?

Intrinsic value NEEE{E

3. Do you think your students have improved their intrinsic value during the programming course? 1

EREEHEET - R TR EARRTH T ATEEEDS ?

Extrinsic value ¥MEEE

4. Do you think your students have improved their extrinsic value during the programming course?

R RRAEE T - TR REHIE AT TIMEBENS ?

Test anxiety ZRERE

5. Do you spot out your students’ test anxiety during the programming course? fFE2E4RIZAYEFE

o AR TR A SRR ?

Strategy use ZEHB&{HE

6. Do you think your students have more learning strategies in the programming course than before?
TEEEGEREINRREL » R TR ARE G [ H LA EHREIE ?

Peer learning [G]{BEE

7. Do you spot out your students have learned with peers during the programming course? fFE5 45

RHEIET - R AR T AR A B E R ?
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Appendix 4: Selected five patterns discussed in the POl Group

Pattern 1: Dose any item in the list satisfy a condition?

Pattern 2: Do all items satisfy a condition?

Pattern’s name: Do all items satisfy a condition?

Pattern’s name: Dose any item in the list satisfy a condition?

Initial state: a list of elements and a condition
Goal: return TRUE if an item was found, and FALSE otherwise
Algorithm:
initialize Found to FALSE
while (there are more items) AND (NOT Found) do

assign the next element to NextElement

if NextElement satisfies the condition, then

assign TRUE to Found

return Found

Initial state: a list of elements and a condition
Goal: return FALSE if an item was found not satisfied, and TRUE
otherwise
Algorithm:
initialize AllSatisfy to TRUE
while (there are more items) AND AllSatisfy do

assign the next element to NextElement

if NextElement NOT satisfies the condition then

assign FALSE to AllSatisfy

return AllSatisfy

Application:
Q1. Digits
Develop an algorithm that gets an input of a large integer number

and checks and reports whether one of its digits equals 5.

Q2. Lottery
Develop an algorithm that generates 10 random numbers from 10

to 10,000 and checks whether any of the numbers has all

identical digits.

Application:

Q1. Gasoline prices

Develop an algorithm that gets as input the gasoline prices of the last
seven years and checks whether the prices persistently went up during

these years.

Q2. Signs

Develop an algorithm whose input is a sequence of t (plus) and 7
(minus) signs and returns the value 1 if all signs equal t or all equal 7
and returns 71 if the sequence consists of

both signs.
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Pattern 3: Maximum associated value

Pattern 4;: Minimum associated value

Pattern’s name: Maximum Value

Pattern’s name: Minimum Value

Initial state: collection of values
Goal: maximal value in the collection
Algorithm:
initialize Max to FirstValue
while there are more items do
assign the next element to NextElement
if NextElement > Max, then
assign NextElement to Max

return Max

Initial state: collection of values
Goal: minimal value in the collection
Algorithm:
initialize Min to FirstValue
while there are more items do

assign the next element to NextElement

if NextElement < Min, then

assign NextElement to Min

return Min

Application:

Q1. Election parties

In the elections to the students’ union each candidate has an identifying
code, which is a letter of the alphabet. Develop an algorithm that gets
as its input the elections results, more specifically the identifying code
and the number of votes for each candidate, and reports the code of the
winning candidate.

Q2. Precipitation

The meteorological service collected data on the amount of
precipitation (rain) measured in a town during each of 55 recent years.
Develop an algorithm whose input is the amount of precipitation

measured in those years and report the year with the highest amount of

rain.

Application:

Q1. Election parties

In the elections to the students’ union each candidate has an identifying
code, which is a letter of the alphabet. Develop an algorithm that gets
as its input the elections results, more specifically the identifying code
and the number of votes for each candidate, and reports the code of the
winning candidate.

Q2. Precipitation

The meteorological service collected data on the amount of
precipitation (rain) measured in a town during each of 55 recent years.
Develop an algorithm whose input is the amount of precipitation

measured in those years and report the year with the highest amount of

rain.
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Pattern 5: Conditional count

Pattern’s name: Conditional count

Initial state: a list of elements and a condition
Goal: calculate Count if an item satisfies the condtion
Algorithm:
initialize Count to 0
while there are more items do
assign the next element to NextElement
if NextElement satisfies the condition, then
assign Count to (Count + NextElement)

return Count

Application:

Q1. A school’s outstanding achievement

A school in which most of (more than half) the students obtain math
grades higher than the national average wins a prize from the Ministry
of Education. Develop an algorithm whose input is the number of
students in a certain school, a list of students’ math grades and the

national average grade, and check whether this school wins the

outstanding achievements reward.
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Appendix 5 Semi-structured Interview Transcript Analysis

POI Group

Control Group

Class Teacher

Knowledge
Recall

1. Most impressive content is the maximum and
minimum value, because it will relate to our daily
life such as online shopping in seeking best-buy. I
think I have learnt more about the programming and
found something useful in daily life.

2. Most impressive pattern is the maximum and
minimum value because it is the easiest one and
most useful one. I think I have the basic
understanding on algorithms now. But I need to
study harder.

3. I like the conditional count pattern because it is
very useful when sorting games criteria. I think I
know more about algorithms, maybe.

4. 1 like the maximum and minimum associated
value part most. Because it is useful in school
setting. I think I know more programming concepts
like loops.

5. Most impressive course is the maximum and
minimum value. Because I like the class activity. |

think I understand more about algorithms design.

1. The most impressive content is the for-
loop because I like calculating the Maths.
There are too many programming concepts,
but I think I understand more now.

2. Most impressive course is the Boolean
because it is the easiest part. I think I
understand more programming concepts
such as input and output.

3. I like the for-loop most because it is very
challenging. I think I can understand more
control structures. Public exams will test on
them.

4. 1 like flowchart most because it is easiest
way to have input, process and output. |
think I understand more algorithms design
now.

5. I like Boolean most because the class
activity is interesting. I think I understand
more programming concepts which is on the

syllabus.

Two groups of students can
have very basic programming
concepts and algorithms
design so far. There are many
life examples for them to
comprehend. POI group is not
focusing on the traditional
programming concept’s
introduction. And together
with the syntax introduction in
text-based programming. They
may feel confused later in the
advanced programming. But
so far, they can have basic idea
on the algorithms design. More
effort and input for them is
needed to prepare for public

€xams.
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Self-efficacy

1. Yes, I think I have improved my confidence and
try to think about the patterns behind the problem.
2. The case studies were funny, but [ am not sure
whether I can do better in exams.

3. It was great I can understand the programming
content!

4. I can finish the class activity quicker and I can
follow your instruction.

5. These programming exercise seem different from
the traditional one. I like this way so I believe I can

do a better job in later coding class.

1. I can finish these tasks which my exams
will test me.

2. These programming exercises are not too
easy, but I overcome them now.

3. I believe I can do better in the later Java
programming.

4. 1 am more confident to use these
PowerPoint to review later for my quizzes
and exams.

5. Programming is so hard but I learnt a
little bit!

The performance of traditional
group is similar to my pervious
classes. They already tried
their best to understand the

difficult content.

In the POI group, it is
interesting to find out their
learning motivation is
increased than before. They
are engaged in the daily
examples and found out the

algorithm patterns there.

Intrinsic

value

1. I like the online shopping examples and the
patterns, and it is very useful to relate to Maths class
as well.

2. The examples are so related to me, and I think I
will try to spot out the pattens in my video games.

3. If the quiz and exam was as funny as the patterns
in the class, I think I would definitely love exams.

4. Programming is fun!

5. I think I am more in to computer course.

1. Although there are lots of challenging
problems, sometimes I feel tired.

2. 1 know the ICT subject is important,
because I have chosen it as my elective for
public exam.

3. Not too much useful in what I learnt in
the school. I won’t use programming too
often.

4. Please too much homework. I want more
help in the class.

5. Maths class will share the similar

Students in two groups have
tried their best, and it was their
first or second time to use text-
based programming. It was a
good practice to let students to
think about their daily life
examples. It can motivate them
and find something interesting
to learn in the school. It seems
POI group is much happier and

more engaging.
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calculation, I think.

Extrinsic

value

1. Yes I think I want to do better in the class to show
I am not lazy.

2. I want to improve my average score in final exam
next two weeks, especially Maths and ICT.

3. There are lots of “straight-A students” in my class,
but I think I have learnt more thinking ways to get
good grade like them.

4. I hope I can receive good grade one day, and the
pattens have given me some hope.

5. Although there is much peer pressure in my class,
I think I have more knowledge than that “star

students” now.

1. I think it was just fine, as everyone is
trying to improve scores.

2. I hope I can study hard to get good grades
in the exam later, but I am not sure.

3. Programming is difficult though, and “star
students” always do better jobs than me.

4. 1 would like to study hard but “straight-A
students” are too strong.

5. There are too many “good students” in
my class, especially their programming

codes have won prizes!

To be honest, the students
selected into the experiments
are not so “smart” as the “best
students”. But I can see their
progress and willingness to be
better in computer course. POI
students seem to be braver

than before in my classes.

Test anxiety

1. I wish I could have the pattens finding in the
public exam!

2. I like the patterns and examples in class, but [
know public exam would not test them.

3. I think I need more time to prepare the exam later,
though I will try my best to think coding in patterns.
4. It is so sad why public exam doesn’t test the
patterns. Public exam is not funny.

5. I worry about my exam weeks later and I don’t

want to have a detention.

1. It was fine because that content will be
tested next two weeks, right?

2. I worry about for-loop because I need to
take more time to get things right in exam.
3. I hope there would be revision before the
exams.

4. 1don’t like public exam, but we all need
to go through it. Try hard.

5. The classes are useful to public exam.

Test anxiety is the most
challenging element for them,
no matter which group they are
in. Patterns and examples are
excellent, but public exams
would not directly assess them
in that way. They still need
more time to comprehend.
Maybe it would be better to let
them think in pattern when

they are in junior year not the
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senior year. It is truth that
senior year students need to
focus on the preparation of

public exams.

Strategy use

1. I learnt the “self-talk” strategy and now I often
use it. [ will speak aloud to explain the pattern to
myself.

2. I can learn from the previous patterns and use
them to the new ones.

3. I have tried to link with the previous patterns and
daily life examples to help me understand the new
ones.

4.1 like to create new goals and patterns and it is
very funny!

5. I have tried to remember what you said in the

class and to understand the new patterns as I can.

1. I have reviewed your lesson PowerPoint
to do my exercises.

2. I will set up my goals in the
programming.

3. What you said in classes is somehow
difficult, but I often try to understand and
ask you after the class.

4. For-loop is hard! I often “google” it to
help me understand more.

5. Just try hard, not give up.

Programming exercise is
flexible for students to apply
learning strategies. They have
many resources in websites,
class materials and even
human resource like you. They
know how to seek help better.
POI group is more “self-

focus”.

Peer

learning

1. Previously I like to study the materials with my
friends. But they need time to understand my new
patterns. Sometimes they don’t know what I mean.
2. I like to create new patterns with my friends. But
sometimes they will judge me.

3. There are lots of funny discussion and creation of
the patterns and examples. I like to work with

friends.

1. I will discuss the exercises with my
classmates.

2. I prefer to work with my friends to
complete the tasks.

3. I know who the best to the homework in

the class is, and I often seek help from him.

4. Before the quizzes and exams, I often

review materials with my friends.

Peer discussion is good
teaching strategy even in the
programming learning, just
like there is pair-programming
time. Two class needs group

discussion time.
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4. If there were group discussion in the ICT public
exams, it would be great.

5. They will ask questions to me and discuss
together.

5. I like the group discussion in the class,
and it saved me.
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Appendix 6 Lesson Design in Two Groups and the Alignment with Learning Objectives from Curriculum Development Council

Treatment group interview

Post-test (MSLQ-RCYV, CPPT)

Control group interview

Lesson POI Group Control Group CDC Learning objectives®
Pre-test (MSLQ-RCYV, CPPT) Pre-test (MSLQ-RCYV, CPPT) Students will learn about:
; Pattern 1: Dose any item in the list | Introduction to algorithm design (flowchart and pseudocode) v' the systematic approach to problem-
satisfies a condition? Introduction to variables and constants, simple data types (integer, solving;
real character and Boolean) v' the application of concepts of
5 Pattern 2: Do all items satisfy a Introduction to data structure (string and one-dimensional array) systematic problem-solving to real-life
condition? Introduction to Boolean logic (AND, OR, NOT) problems;
Pattern 3: Maximum associated Introduction to input, output and assignment statement v' the use of pseudocode and/or a
value Introduction to control structures (sequence, selection, iteration) program flowchart to represent the
3 Pattern 4: Minimum associated (Part 1) algorithm;
value (Part 1) v' how to identify the objectives of an
Pattern 4: Minimum associated Introduction to control structures (sequence, selection, iteration) algorithm, trace the logical flow and
4 value (Part 2) (Part 2) examine values of variables during
Pattern 5: Conditional count (Part 1) execution; and
Pattern 5: Conditional count (Part 2) | Introduction to control structures (sequence, selection, iteration) v' various ways of solving the same
s Post-test (MSLQ-RCV, CPPT) (Part 3) problem, and the differences between

them.

1 curriculum Development Council, Hong Kong Examinations and Assessment Authority (2015). Information and Communication Technology: Curriculum and assessment guide (Secondary 4-6).

Retrieved-Decembei-23+202-from-hitps+334-cdb.hkedcity.net/doc/chi/curriculum2015/ICT _CAGuide e 2015.pdf
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