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A Study of Student s’ Misconception in Calculus
-Taking Applications of Differentiation as an Example

Chuan-Sheng Wei
Assistant Professor, Department of Applied Mathematics, Feng Chia University

cswei@fcu.edu.tw

Abstract

Calculus is one of the required courses for many freshman students. However,
most of the students always feel frustrated in their learning process. They just look
forward to solving problem quickly, but ignore building conceptual understanding.
This causes them to have many misconceptions unconsciously, and poor performance
in examinations. Even worse, they need to retake the course again. The purpose of
this study was to explore the misconceptions made by undergraduate learners in
Calculus. Through pencil-and-paper test, the diagnosis of misconceptions is based on
the data gathered from 200 students, and the area of the test is “applications of
differentiation”. The discussion on students’ misconceptions can not only understand
their obstacle for learning, but also provide suggestions for teacher to improve
teaching. According to the research results, students have good calculation skills, but
lack of understanding of the abstract ideas. For this problem, the researcher provided

suggestions for the teachers.

Keywords: misconceptions, error type, Calculus
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Abstract

In high school level, normally teaching schemes of mathematical functions are to
relate graphs of functions and functions which allow students to observe and
understand the geometric meaning of functions. For those contents concerning
two-variable functions in Calculus, relating two-variables functions and their graphs
is a familiar and easier way to students to realize; however, the existing teaching aids
nowadays are slides of textbooks which contain fixed-angle 3D graphs only.
Students need to have firm acquirements on plane geometry to image how those 3D
graphs would be like in different angles and what are the meanings of limits,
derivatives, etc. This study is to utilize free software GeoGebra 5.0 to develop
dynamic 3D teaching aids of Calculus concerning two-variable functions which allow
instructors to explain clearly in class and students to learn by observing multi-angle
graphs. Our goal is to provide aids based on learning in visual, instead of imagination,

for both instructors and students to promote learning efficiency.

Keywords: calculus, two-variable functions, GeoGebra 5.0
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Comparing college students: previous and nowadays-From
senior faculty’s perspectives

Jane Chiu
Professor, Department of Education Psychology and Counseling, National Pingtung
University

chiujane@ms34.hinet.net

ABSTRACT

What’s the difference between today’s and previous college students? Why
college teachers hope to retire as expected and being a college faculty is not so
attractive as before? How they perceive the students’ changes and performances
which make them unhappy about teaching? This study interviewed 7 college teachers
who have served more than a decade from Southern Taiwan. The results show some
distinctions between these two groups: clear learning target vs. multiple-goal
approaches, settled learning attitude vs. weakened learning motivation, deepened
basics vs. lowered quality, opportunities-grasping vs. processes-enjoying, willing to
put effort vs. uncertainty, humanistic-cultivation vs. utilitarian-orientation, autonomy
vs. following outdated-habits, group-participation vs. self-centered, willing to invest
vs. decreased participation, self-belief index, vs. parents’ overprotection,
authority-revering vs. self-performance, time management vs. personal time,

teacher-student close relationship vs. interpersonal apathy.

Key words: college students, comparison
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Abstract

After the Sino-Japanese War, Japan made Taiwan be the colonial territory for
S50years (1895-1945). Taiwanhas had been through politics, economic, society, culture
and other aspects of change, as well as the recognized conflict. And during this period,
Taiwan was also showing the characteristics of modernization. This article is about
"Who is the first president of Taichung Normal School?" and it tries to highlight
Taiwan education from the Qing Dynasty to the Japanese rule as well as the transition
process of the Republic of China government. The main purpose is to have a
conceptual narrative, which can open up new horizons, and provide relevant academic

enthusiasts reference.

Keywords: Taichung normal school, colonial, Japanese rule period
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Using Computerized Graduated Prompting to evaluate 2D and

3D Drawing Skills

Ching-Yi Lee
Postdoctoral Fellow, D.School, Feng Chia University

cyilee@mail.fcu.edu.tw

Abstract

The present study employed a quasi-experimental method to explore how
graduated prompting assessment influences the development of drawing skills in a
computer-aided manufacturing (CAM) 2D/3D class. Eighty participants were
evenly distributed between an experimental group with graduated prompting
assessment (n=40) and a control group with general assessment (n=40). Results
demonstrated that 2D and 3D drawing skills were better with graduated prompting
assessment, irrespective of the difficulty. Lastly, scores related to the learning
processes were not as stable in the general assessment group as in the graduated
prompting assessment group, displaying a slow decline as the scores increased. The
implications of these findings were discussed and suggestions were provided for
future research.

Keywords: computerized graduated prompting, computer-aided manufacturing
(CAM), 2D/3D drawing skill
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1. Introduction

In recent years, single standardized assessments have been replaced by multiple
assessments within the field of education. Pedagogically, assessments are used to
explore what students have learned and teachers have taught (Brookhart, 2003;
Campbell & Collins, 2007; Marriott, 2009; Wang, 2010, 2011; Wang, Wang, & Huang,
2008) as a first step toward improving an instructional program. Traditional
standardized and quantitative assessments that focus on students’ overall performance
tend to over-emphasize results and underemphasize the process of cognition. Due to
the inherently static nature of such instruments, the results cannot provide instructors
or evaluators with sufficient information to properly identify problems, make
improvements, or predict outcomes. For this reason, dynamic assessment (DA), which
emphasizes the learning process, is increasingly being adopted to develop and test
students’ individual learning potential through teacher-student interaction that
combines instruction, assessment, and the promotion of learning (Hsu, 2008).

Previous research on graduated prompting assessment (GPA) focused on its
effectiveness in enhancing student academic performance. Daniel (1997), Hessels
(1997), Tzuriel (1997), Robinson-Zanartu and Aganza (2000) and Elliott (2003) all
indicated that ethnic minorities, students from low socio-economic backgrounds, and
those with learning difficulties improved their academic performance through DA.
Nirmalakhandan (2009) discussed the application of computer-based DA systems to
enhance student academic performance in foundation engineering, indicating that this
approach can help students improve their problem-solving abilities and academic
performance. Nevertheless, none of these researchers examined student learning
processes using the GPA approach. The purpose of this study is to explore the
effectiveness of GPA and identify difficulties in students’ learning process, in order to
make adjustments to the instruction in a 2D/3D drawing course.

Chen, Lu, Chiu, and Chen (2003) indicated that when task difficulty increases,
students need more time to absorb knowledge and are prone to making more mistakes.
Previous research on GPA has generally failed to consider learning difficulty and
content when examining assessment effectiveness (Chang & Tzou, 2005; Liu, Chiang,
Chen, Istanda, & Huang, 2007; Wang, 2010), and this has made it difficult to
determine whether the assessment is effective. Thus, this study adjusted the content
and organization of the 2D/3D drawing course by evaluating how the type of
assessment and implied learning difficulty influenced the effectiveness of GPA.

Skills are vital in technical and vocational education. A skill is a unit of behavior
composed of one or more sets. Skill acquisition is a specific and prolonged form of
learning that begins with a single set at the lowest level and advances to a very large

number of sets at the highest levels. In Fitts’s (1964) theory, skill acquisition is
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assumed to take place in three phases, beginning with the cognitive phase, followed
by the associative phase, and ending with the autonomous phase. Many models of
skill acquisition assume that learning processes transform the initial representation of
a task into increasingly efficient representations. The skills at each level are
characterized by a structure that indicates the kinds of behaviors the person can
control at that level. Also, at each level, the skills include those found at all the lower
levels. In other words, students are normally at different levels for different skills.

DA has been used to enhance reading and writing proficiency (Bain & Olswang,
1995; Guterman, 2002), cure language switch disability (Laing & Kamhi, 2003;
Olswang & Bain 1996), and improve mathematics learning(Allsopp, Kyger, Lovin,
Gerretson, Carson, & Ray, 2008; Fuchs, Compton, Fuchs, Hollenbeck, Craddock, &
Hamlett, 2008), but only a few studies have explored its effect on professional
development courses for college students. In addition, the evidence for task
complexity being acquired at different levels is questionable. Therefore, the current
study further explored the effectiveness of GPA for items of different difficulty levels
in order to shed light on students’ learning processes in the 2D/3D computer-aided

manufacturing (CAM) drawing course.
2. Theoretical Foundation and Hypotheses

2.1Graduated prompting assessment (GPA)

GPA is a form of DA that is capable of comprehensive assessment of student
development. Originating from internalization theory, in the zone of proximal
development (ZPD) (Poehner & Lantolf, 2005), DA was originally proposed by
Vygotsky (1978). The theory promotes the development of cognitive functions
considered to represent an examinees’ best performance —based on a standardized test
or clinical performance. This approach fosters flexibility and sensitivity in the
teaching process, with the potential to reveal and evaluate unseen abilities (Peltenburg
Van Den Heuvel-Panhuizen, & Doig, 2009). Furthermore, such an approach can
diagnose deficiencies in individual mental operations, enhancing learning potential,
and effectively predicting future performance (Allal & Pelgrims Ducrey, 2000;
Haywood & Tzuriel, 2002; Meijer & Elshout, 2001; Swanson 2000; Swanson &
Lussier, 2001; Tzuriel, 2000a, 2000b). Traditional assessment tests have focused on
the overall performance of student learning where standardized and quantified
assessments reflect the easily measured achievements of the examinee, not the
thinking processes. Such static result-focused evaluations fail to address learning
processes, incapable of providing a deeper understanding—overlooking problem
solving, cognitive activities, and strategy use. The theory of social constructivism

shows that distinct social and cultural backgrounds, as well as heterogeneous
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individual characteristics, make cognition a complex and diverse process, not
accurately measured with a single test (Wertsch, 1997). Static assessments do not give
an accurate picture of the learning potential of students.

DA can compensate for the deficiencies of static assessments, but it is not a
replacement (Murphy & Maree, 2006). Because DA emphasizes the plurality and the
uniqueness of an individual’s cognitive process, it shifts the role of teachers from
controller to facilitator, where interaction with students is enhanced, strengthening the
learning process. Unlike static assessments, DA is generally unable to standardize an
evaluation of academic performance. To overcome this problem, GPA provides
standardized measures according to the number of prompts required to facilitate the
learning process (Haywood & Tzuriel, 2002).

The GPA method reveals student misconceptions and resolves them by following
specific steps. According to the abilities of the learner, GPA provides prompts that are
abstract at first and gradually become more specific (Campione & Brown, 1987). In
this manner, learners are provided with scaffolding-like assistance, helping them in
the step-by-step construction of knowledge and guiding them to a more complete
mastery of a technological ability, and enhanced academic performance.

Based on Vygotsky’s (1978) social development theory, GPA applies ZPD in
guiding learners in the process of construction using graduated prompts. This allows
evaluation of leaning preparation and instructional gains (Campione & Brown, 1987).
An interactive assessment, GPA follows the strategy of ‘test—teach/train-retest’
(Haywood & Lidz, 2007; Moore-Brown, Huerta, Uranga-Hernandez, & Pefa, 2006)
in identifying individuals who experience failure in learning. This approach improves
the suitability of assessment classification through the development of an effective
measurement representing the individual’s learning abilities. A standardized set of
hints or prompts are applied during the assessment process, arranged in order of
explicitness. Jitendra and Kameenui (1993) supported the use of a hierarchy of
graduated prompts to enhance the accuracy in evaluating individual learning ability.
That study proposed the purpose of GPA was to test and develop individual learning
potential through interactions that would not only test the sensitivity of instruction, or
response to mediation, but also reveal the individual’s flexibility and modifiability

toward learning (Haywood, Tzuriel, & Vaught, 1992).

2.2 GPA applied to skills

CAM is used in many design and manufacturing processes, including cutting
path simulation, process design, machine control, and planning manufacturing
systems (Chang, Wysk, & Wang, 2005). CAM curriculum is used to train students
operating CAM software for 2D/3D drawing in the completion of product design.

CAM technology is complex and difficult for students to learn. For students majoring
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in engineering, spatial perception is associated with professional development. It is an
essential cognitive skill involving the creation of a mental picture through individual
thinking, used to solve practical issues (Martin-Gutiérrez, Luis Saorin, Contero,
Alcaniz, Pérez-Lopez, & Ortega, 2010; Yang & Chen, 2010). Sorby (2000) found
spatial ability is closely related to the effective learning of CAD software. This
highlights the challenges students face in the process of design drawing and
simulating cutting paths using software. Learning strategy design has the potential to
enhance the spatial abilities of students (Armstrong, 2009), and strong spatial abilities
are required to draw or simulate cutting paths. For this reason, students with
insufficient spatial ability tend to have blind spots in the process of drawing and path
simulation resulting in design difficulties or failure. When students perform 2D/3D
drawing and cutting path simulation in the current study, many misconceptions related
to spatial transformation and path selection are likely to be raised. In such situations,
the computerized GPA provides prompts to help students overcome their difficulties.

The GPA developed for the drawing course includes models ranging from simple
to complex, in order to enable students to learn a variety of basic drawing skills. To
deal with misconceptions raised from the drawing of models, the system provides
prompts to help students reinforce their spatial ability. Therefore, it is proposed that
GPA benefits students in their learning of 2D/3D design skills. Traditional
paper-and-pencil tests do not provide prompts or operational practice, meaning that
students do not have any opportunity to overcome their misconceptions. This study
asserts that GPA can assist students to learn drawing skills more effectively than
traditional approaches.

Previous research demonstrates that spatial ability cannot be enhanced by
general methods; it requires appropriate instructions and practice (Salkind, 1976;
Sexton, 1992; Strong & Smith, 2001). Students with more practice and experience
have fewer misconceptions when operating CAM software for drawing. In other
words, with more practice, students perform better in their skills assessments. This
study, therefore, proposes that, with more GPA practice, student assessment results on
the drawing course will increase.

H1: Computerized GPA can facilitate learning in a drawing course.

H2: Computerized GPA is more beneficial to learning in a drawing course than

traditional forms of assessment.

H3: Using several computerized GPA systems, the evaluation of student skills in

a drawing course increases.

According to the Attention Theory model, proposed by Kahneman (1973), an

increase in difficulty leads to an increase in the demand placed on a learner’s

cognitive resources. High cognition, mental simulation, and logical thinking are
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required to solve complex problems. According to the Cognitive Load Theory of
Sweller, Van Merrienboer, and Paas (1998), an increase in teaching material cognitive
difficulty results in higher mental load and mental effort. An increase in the
complexity of drawing figures increases cognitive load, which detracts from the
ability to memorize and comprehend figures. This also means that greater mental
effort is required to draw complex figures. Conversely, when a figure is less complex,
students experience lower cognitive load and the figure can be managed with less
effort.

Given the previous discussion, this study predicts that students can more easily
complete questions related to simple 2D drawing concepts and skills due to a
reduction in cognitive load. Regardless of whether a computerized
graduated-prompting system is used, students should be able to independently
complete simple 2D drawings without prompts, with no difference in performance
observed between evaluations performed by general assessments and those by
computerized GPA. More difficult questions lead to greater cognitive load with
resulting misconceptions about some figures. Assistance of a graduated-prompting
system should be able to resolve such misconceptions and aid in the completion of the
figure. Therefore, a lack of prompts increases cognitive load, leading to
misconceptions, and resulting in poorer performance. Thus, this study proposes that
when drawing questions are of moderate or high difficulty, students perform better
with the assistance of computerized graduated-prompting than with general
assessments. Because 3D drawing has an additional dimension, students must
understand 2D geometry and then apply spatial transformations and mental simulation
to 3D design, meaning that the design process will be more difficult than for 2D
drawing. Students thus experience greater cognitive demands when drawing in 3D
than in 2D. We thus expect that for 3D items, student performance with the graduated
prompting system will be superior to a general assessment.

H4: When drawing simple 2D figures, there is no significant difference in the

evaluation of performance using general assessments or computerized
GPA.

HS5: When drawing moderate or highly difficult 2D figures, students perform
better with the assistance of computerized GPA than with general
assessments.

H6: Regardless of the 3D drawing difficulty, students perform better with the

assistance of computerized GPA than with general assessments.
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3. Methods

3.1Participants

A quasi-experimental method served as the methodology in the present study.
Participants were senior students, enrolled in CAM courses. According to a cognition
pre-test on CAM curriculum and S-grouping, a total of 80 students were evenly
distributed in the experimental group with GPA (n=40) and the control group with
general assessments (n=40).

3.2Instruments
3.2.1 Graduated prompting assessment system

Computers have become effective methods of education in the several years. The
research using Flash and PHP, the software employed a hierarchy system of
standardized prompts using a MySQL database. The prompts were divided into three
stages: abstract, semi-specific, and specific. Prompts were designed according to the
weekly teaching schedule of the drawing course, aimed at the pre-test for the
following week, in reference to the knowledge covered. These prompts can be
considered as “processing” prompts, meaning that they aim to stimulate learners’
processing of the material in specific ways (Gerjets, Scheiter, & Schuh, 2008;
Papadopoulos, Demetriadis, Stamelos, & Tsoukalas, 2009). For experimental group,
after logging into the system, the students were given a demonstration on how to
apply the GPA learning system. After clicking on a difficult question, students could
click for the first abstract prompt, followed by the second semi-specific, and finally
the third specific prompt. Students could skip prompts and complete the drawing
directly, or continue the drawing after any of the prompts. The system recorded the

behavior of each individual student for further analysis.

3.3 Skills for the drawing course

The skill scale for the drawing course was divided into 2D and 3D drawing
ability sub-scales, and all questions were pilot tested by a graduate student and three
undergraduates. This study classified items into low, medium, and high difficulty
based on the amount of information and items that were deemed either high spatial or
low spatial by Primi (2002). Item difficulty is a direct function of the number of
distinct acts and information cues that must be executed in the performance of the task.
It was assumed that spatial content increases the knowledge and spatial visualization
skill needed to perform a task. However, no instrument was found that would measure
this variable, and the categorization was based purely on experts’ opinions. The scale
was further examined and modified by experts, such that the final version included 11
questions for 2D drawing and 10 questions for 3D drawing. The students’ completed

drawings were evaluated by the author and two graduate students who were familiar
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with the course. Kendall’s coefficient of concordance (Kendall’s W) was then applied
to assess the inter-rater agreement. Kendall’s W was 0.974 (p <.001) for 2D drawing
and 0.976 (p<.001) for 3D drawing, indicating that the assessments were consistent

among the raters.

3.4 Materials for drawing course

The materials for this study were taken from the Mastercam 2D drawing and the
process handbook (Chung & Chen, 2006) and the Mastercam 3D drawing and the
process handbook (Chung & Lee, 2007). The drawing course units were classified
into: Basic operation of the software, Basic instructions for drawing, Pixel repairing,
Graphics transformation, Graphics examination, 3D line-structure drawing, Entity
drawing, Curved surface construction, Curved surface edition, Generating curved
lines with curved surfaces, and Analysis of curved surfaces. The rough manuscript of
the materials was examined and revised by experts before it was formally adopted as

course material.

3.5 Experimental procedure

Prior to the instruction, the instructor verified teaching content that detailed the
procedures to follow. The study using S-grouping, 40 examinees ranking first, fourth,
fifth, etc., were grouped into the experimental group with GPA, while the other 40
ranking second, third, sixth, etc., were grouped in the control group. All students
received same instruction from same teacher based on the same materials. The
experimental instruction lasted four hours per week over 12 weeks. The first five
weeks focused on 2D drawing (e.g., basic software operation, basic drawing
instructions, pixel repair, graphic conversion, image check), while the next seven
weeks focused on 3D (e.g., 3D wireframe drawing, physical mapping, surface
construction, surface editing, surface curve, and surface analysis of inspection).
However, the practice tool was different. Teacher demonstrated GPA system to the
experimental group, before they practiced the items, with an emphasis on the options
to obtain abstract, semi-specific, and specific assistance. For control group, the
students used the traditional tool, mastercam, to practice the items. Homework was
then assigned for experimental and control group for the quiz in the following week.
Afterwards, two questions from the 2D drawing skills scale and one question from 3D
drawing skills scale were selected for the quiz. The test time was 60-90 minutes for
each question. After instructions, in order to realize the 2D and 3D drawing skill, all
students took the post-test with low, medium, and high difficulty of the summative

assessment.
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4. Results

4.12D drawing skills

A two-way repeated measures analysis of variance was conducted to evaluate the
time effect on 2D drawing skill items on the two groups. The 2D drawing skill score
was set as the dependent variable. The within-subject factors included two levels
(experimental group and control group) and time included six levels (Timel,
Time2,...Time6). Prior to conducting the two-way repeated measure ANOVA,
Mauchley’s test for sphericity was used, showing Mauchley’s W was statistically
significant (Mauchley’s W=.377, p=.000<.05), compensating for possible or observed
violation of the sphericity assumption while the Greenhouse-Geisser conservative
F-test was interpreted as a safeguard against type I error (Greenhouse-Geisser=.661)
(Huck, 2011; Kirk, 1982).

As shown in Table 1, the analysis revealed a statistically significant main effect
for group (F=20.446, p<.001, n*=.208), indicating statistically significant differences
in 2D drawing skills using the GPA; additionally, there was a statistically significant
differences across time (F=54.769, p<.001, n?=.413).

Table 1. Two-Way Mixed ANOVA for 2D drawing skills items

Source SS df MS F 1 p
Group 14210.006 1 14210.006 20.446*** 208 .000
Error 54210.044 78 695.001
Between
. 79
subjects
Time 149975309  3.305  45377.390 54.769*%** 413 .000
Time*Group  5542.112 3.305 1676.853 2.024 .025 .105
Error 213590912 257.795  828.529
Within
) 264.405
subjects
Total 437528.383  343.405
*#%p < 0,001

A schematic of the results is presented in Figure 1. In the learning process of the
experimental group, students demonstrated considerable progress on the first quiz.
Similarly, the control group also displayed progress on the first quiz, but the growth
was not as pronounced in the experimental group. Control group scores peaked on the

second quiz, with the experimental group falling slowly thereafter.
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Figure 1. Linear growth trend of 2D drawing skills

To further verify instruction effectiveness, this study compared the scores in the
pre-test and the post-test of the two groups, testing whether drawing ability improved
after the experimental instruction. The findings demonstrate that both groups achieved
higher scores on the post-test than on the pre-test. Tables 2 illustrate the results of the
control group (t=-8.030, p<.001, n2>=0.623) and the experimental group (t=-9.897,
p<.001, n2=0.715). In addition, both of the effect sizes of the two groups exceeded
0.138.

Table 2. Pre-test and post-test on 2D drawing skills in the control and experimental

group

Group Variable N Mean SD t n?
Pre-test 40 30.625 27.414
control group -8.030***  0.623
Post-test 40 65.800 17.915
experimental ~ Pre-test 40 30.825 30.201
group Post-test 40 83.742 15.034
#xxp < 001

This study classified items into low, medium, and high difficulty. An

-9.897***  0.715

independent sample t-test was then conducted to compare the two groups across these
three levels of item difficulty. Table 3 shows all difficulty levels of 2D drawing skill
items; the experimental group scored higher than the control group. The low difficulty
exhibited t=3.203(p<.01, n?=.116), medium difficulty resulted in t=3.404 (p<.0l,
1?=.129), and high difficulty showed t=2.350 (p<.05, n*=.066). These all fell between

0.059~0.138, indicating an effect size with a medium degree of correlation.
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Table 3. Comparison of post-test on 2D drawing skills

Difficulty Variable N Mean SD t n?
Experimental
40 97.475 12.641
Low group 3.203** 0.116
Control group 40 84.150 23.071
Experimental
, 40 87.250 17.020
Medium group 3.404** 0.129
Control group 40 66.625 34.332
Experimental
_ 40 66.500 33.650
High group 2.350*  0.066
Control group 40 46.625 41.593

*p <.05, **p < .01

4.23D drawing skills

The within-subject factors were grouped with two levels (experimental group
and control group) and over time with eight intervals (Timel, Time2,...Time8). The
Mauchley’s W was significant (Mauchley’s W=.556, p=.019<.05), the
Greenhouse-Geisser conservative F-test, interpreted as a safeguard against type I error,
exhibited Greenhouse-Geisser=.876.

As Table 4 shows, results revealed a significant main effect for group (F=20.357,
1?=.207), indicating statistically significant differences in 3D drawing skills using
GPA; additionally, there was a statistically significant difference across time
(F=17.913, p<.01, n°=.187).

Table 4. Two-Way Mixed ANOVA for 3D drawing skills items

Source SS df MS F n? p
Group 36030.006 1 36030.006 20.357*** 207  .000
Error 138051.743 78 1769.894
Between
. 79
subjects
Time 94605.463 6.130 15432768 17.913*** 187  .000
Time*Group  3268.169 6.130 533.129 .619 .008  .719
Error 411950.201 478.153  861.545
Within
. 490.413
subjects
Total 683905.582 569.413
w#kp < 001
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As shown in Figure 2, at the beginning of instruction, both groups displayed
considerable progress on the first quiz of the 3D drawing course, showing that student

cognition had improved after instruction.
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Figure 2. Linear growth trend of 3D drawing skills
Findings comparing pre and post on 3D skills showed that both groups had
higher scores on the post-test than on the pre-test. As shown in Tables 5, the control
group exhibited t=-6.955(p<.001, n*=.554), the experimental group t=-6.079 (p<.001,
N*=.487), with an effect size for the two groups larger than 0.138, indicating a high

degree of correlation.

Table 5. Pre-test and post-test on 3D drawing skills in the control group
Group Variable N Mean SD t n?
Pre-test 40  31.750 35.869
control group -6.955%**  (0.554
Post-test 40  72.542 16.194
experimental ~ Pre-test 40  22.875 34.004
group Post-test 40 55417  24.205

w#kp < 001

-6.079%**  0.487

Table 6 shows that across all levels of item difficulty associated with 3D drawing
skills, the experimental group scored higher than the control group. The low difficulty
resulted in t=3.908 (p<.01, n?=.110), medium difficulty t=2.541 (p<.05, n*=.076), and
high difficulty t=2.262 (p<.01, n?=.062). These were all between.059~.138, exhibiting

an effect size with a medium degree of correlation.
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Table 6. Comparison of post-test on 3D drawing skills

Difficulty Variable N Mean SD t "’
Experimental
40 90.500 12.079
Low group 3.908**  0.110
Control group 40 73.875 31.714
Experimental
_ 40 75.500 26.307
Medium group 2.541*%  0.076
Control group 40 58.375 33.539
Experimental

. 40 51.625 36.627
High group 2.262*  0.062

Control group 40 34.000 32.976
*p <.05, **p < .01

5. Discussion
5.1Growth trend and comparison of skills
5.1.1Comparing GPA to general assessment in 2D and 3D drawing skills

Significant differences between the two groups appeared in the later stages of
instruction. As predicted, students experienced a greater cognitive load in dealing with
single-code messages than with multi-code messages (Mayer, 2002). The GPA
approach assisted students with prompts that were designed to overcome potential
misunderstandings. This reduced student cognitive load, fostering the spatial ability
required for drawing. General assessments, on the other hand, focus on memorization;
causing students to employee greater cognitive resources to deal with the test
problems. This leads to a greater likelihood of failure on the test due to insufficient
drawing ability, due to forgetting information or insufficient understanding. In this
case, the graduated-prompting system satisfied the cognitive needs of students,

reinforcing visual understanding and fostering spatial competence.

5.2 Learning process for 2D and 3D drawing skills

In terms of the learning process for 2D drawing skills, Paivio (1975) indicated
that applying two codes to data could help students remember more effectively than a
single code. The current study’s control group was unable to maintain its scores after
reaching a peak, due to coursework that could not be memorized easily with single
code information. Without an increase in spatial competence, test scores in later stages
were likely to drop. Results for the 3D drawing skills show students in both groups
established primary cognitive knowledge and skills that provided them with the
competence required for simple drawing questions. However, the spatial competence
and the drawing skills required for 3D drawing were more difficult than those for 2D

drawing. For this reason, even with GPA, scores were not maintained and dropped
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after reaching an early peak. On the last quiz, the score increased again because
learning required more time. After sufficient knowledge and skills were absorbed in
the exploration period, students were able to deal with harder 3D drawing questions.
The scores for the control group showed a sudden drop after the first quiz, probably
because students were not assisted with prompts and that they did not know what to
do when encountering a problem with a test item. However, the increase in the score
on the post-test showed that learning was effective. All the test scores of the control
group were lower than those of the experimental group, showing that the
graduated-prompting system fostered spatial competence and improvements in design
skills.

5.3 Effects of difficulty on assessment

Findings showed that, in spite of the difficulty of the questions, the experimental
group outperformed the control group on 2D and 3D drawing skills. This confirmed
that GPA is superior to general assessments and not influenced by the difficulty of
questions. It also demonstrates that the computerized GPA is a powerful
instruction-aided multi-media tool that can help students establish their spatial
transformation abilities, cognitive and logical thinking capacity, and drawing skills, as

well as improve learned abilities and skills used to create drawings.
6. Conclusion and limitations

The result revealed that dynamic assessment has a great potential to be a useful
tool of learning and assessment in the CAM drawing course as it focuses on potential
rather than final achievement. The current research compared general and graduated
prompting methods of assessment to investigate difficulty of items in terms of the
effectiveness of GPA within a 2D/3D CAM drawing course. Results contribute to the
GPA literature in several ways. First, according to Poehner (2008), graduated
prompting methods emphasize assisting students when they encounter trouble in
solving problems. In the process of interaction between teacher and students, the
teacher will help students to discover or apply some principles to overcome the
problem, encouraging increased learning. The current study’s GPA system was
designed with a hierarchical system of standardized prompts, drawn from a database,
using Flash and PHP for interface design. The system contained 2D and 3D drawing
items, presenting concepts in layered prompts, while exploring how GPA affects
student 2D/3D cognition, drawing skills, and learning attitudes. For students in the
low-scoring group, GPA was better than general assessments, but in the high scoring
group, the opposite effect was observed. When faced with new information, novice
learners cannot acquire in-depth knowledge, which requires repetitive practice for

storage in long-term memory. With the assistance of GPA and repetitive practice,
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through homework, knowledge moves into the long-term memory. Information later
retrieved from long-term memory is capable of connecting chunks of knowledge and
inconsistent information, integrating them to guide one’s judgment (Chi, Feltovich, &
Glaser, 1981). Despite the intervention of the GPA, students in the high-scoring group
appear not to have improved their cognitive abilities.

Next, ZPD is regarded as a multistage continuous progression of development
rather than a single point in time. When students get help from teachers, classmates,
and other resources, they perceive present ability as a springboard to transfer a
potential ability. In addition, when students learn different types of tasks, skills, and
behavior, the process tends to become a continuous loop over time. In this process,
students have different performance abilities across varied tasks (Shabani, 2012).
Therefore, this study was divided into varying degrees of difficulty, and different
temporal points in order to investigate academic performance. Gagne (1985)
considered that prior knowledge is the basis for following a hierarchy of learning. As
a result, learning comes from simple prior knowledge, with the interface of course
content leading to simple and complex sequencing.

Scaffolding can be differentiated as two distinct types: one is sequential
scaffolding, which refers to teacher integrated application of relevant course material
and the adoption of routine activities; the other is vertical scaffolding, which involves
extending learner abilities by asking questions and requesting elaboration. Before
students begin the 3D drawing course, they have already learned the basic concepts of
2D drawing, and are therefore capable of responding to vertical scaffolding.
Compared to traditional forms of assessment, GPA presents motion graphics on a
computer, integrating graphical and symbolic representations, which not only deepens
learning, but also presents concrete concepts. Knowledge is spread through activation
from items currently or recently dealt with (Anderson, 2009). When individuals
receive stimulation, the messages enter long-term memory through repetition.
However, when students in traditional assessment groups are presented with difficult
materials, they must hold a large number of components in working memory,
resulting in excessive cognitive load (Marcus, Cooper, & Sweller, 1996; Sweller et al.,
1998). Thus, the GPA group outperformed the general assessment group in 2D and 3D
drawing skills, regardless of the difficulty of 2D and 3D items.

Any conclusions drawn from the above results must be tempered by the
limitations of the research. First, due to the limitations of established classes, a
randomized experiment could not be performed. Second, Mastercam software was
used in this study, lowering generalizability. Further, with a the limitations of the GPA
system, caution must be applied, as the findings might not be expanded to all college

students in the Department of Mechanical Engineering, but merely to the students
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majoring in the CAM curriculum. Finally, given the limitations of time and equipment,

this study covered only the 2D and 3D drawing components as course content.
7. Implications

This research has important implications for students and teachers. First of all,
DA is considered as a method of helping individuals improve their performance on
tasks that require specific skills. Focusing on changes in performance rate, remedial
strategies for student progress (Wiedl, 2003), and amount of improvement are all
methods of assessing students’ learning growth or potential (Ferrara, Brown, &
Campione, 1986). Second, in the current study, because 3D drawing requires spatial
perception abilities, the graduated prompt approach proposed by Campione and
Brown (1987) can serve as the basis for developing the contents of instructional
prompts, and these instructional prompts can then be used in the remedial teaching of
2D and 3D drawing. Further experimental investigations are needed to estimate the
learning transfer ability for different types of courses and the effects of the three
models must be compared to confirm the stability and differences among the various
assessment approaches. Third, our findings indicate that GPA has different effects on
potential development when students learn drawing. Thus, teachers may also refer to
the approach in which the GPA system is integrated into drawing teaching, along with
the design of its instructional prompts, to develop DA items and instructional prompts
for other drawing topics in which students struggle with spatial difficulties. The
students may then use these DA items and instructional prompts to engage in
self-learning. Forth, Carroll (1963) proposed the Model of School Learning (MSL),
which posited that the degree of learning is a function of the ratio of the time the
student actually spends on learning the task to the time required. This influences
student achievement on the mastery of a task. Hence, we suggest extending the
function of the ratio of the time in this system to include each student's academic
achievement according to the ratio of time spent learning.

Recently, the concept of cognitive load has received greater attention from
researchers (Kirschner, Ayres, & Chandler, 2011; Paas, Renkl, & Sweller, 2003). It
has been identified as an important factor in various areas of instructional design, such
as science and geometry, as well as in technical instructions and statistics(Gerjets &
Scheiter, 2003; Hilbert, Renkl, Kessler, & Reiss, 2008), where there is a focus on
working memory load and the instructional design. Because the design of this study’s
course moves from simpler to difficult, with a greater working memory load required
in the later stages, the participants appeared to be overloaded as the course advanced,
resulting in a performance decline for students not using the GPA system. In

follow-up studies, the cognitive load could be manipulated sequentially to explore the
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effects on students in different stages of learning, to better understand the
development of spatial reasoning ability.

Finally, LeFevre, Smith-Chant, Fast, Skwarchuk, Sargla, Arnup, Penner-Wilger,
Bisanz, and Kamawar (2006) explored the development of mathematical conceptual
and procedural knowledge among 255 children. Procedural knowledge was assessed
using processing speed and accuracy in counting objects; conceptual knowledge was
assessed by asking children to make judgments about similar questions. Results
demonstrated that procedural knowledge improved with age. By contrast, there was a
curvilinear relationship between conceptual knowledge and age, even in the
development of math skills at different levels. Therefore, future studies could assess
drawing 2D/3D rendering time as procedural knowledge and assess items of similar
difficulty as conceptual knowledge to better understand whether the development of
both types of knowledge increases with age. Moreover, the shape of the interactions
between conceptual and procedural knowledge is still under debate, and the
conflicting theoretical viewpoints have not converged (Schneider & Stern, 2010).
With intense requirements for both procedural and conceptual knowledge,
computer-aided manufacturing appears to be a perfect field for developing and testing
such theories.
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Abstract

The main purpose of this study was to explore the relationship between teacher’s
teaching effectiveness and students’ mathematics learning disturbance. The
participants were 1,019 vocational senior high school students in Taichung.
Questionnaires survey has been utilized as the research method and descriptive
statistics, independent sample t-test, one-way ANOVA, Pearson product-moment
correlation and multiple regression analysis were applied to analyze the data. The
major findings of this study were summarized as following: first, students perceived
vocational teacher's teaching effectiveness were above the average. Second,
vocational senior high school students’ mathematics learning disturbances were at the
medium level. Third, here were significant differences in teachers’ teaching
effectiveness from students’ perceptions with respect to schools' attributes, gender,
departments, and grades. Fourth, there were partially significant differences in
students’ mathematics learning disturbances with respect to schools' attributes, gender,
departments, and grades. Fifth, there was a negative correlation between teacher's
teaching effectiveness and vocational school students' mathematics learning
disturbance. Sixth, teacher’s teaching effectiveness of students’ perceptions can
negatively predict their mathematics learning disturbance and “teaching material” was
the strongest predictor. Based on the findings, the suggestions were provided to school

administrators, mathematics teachers, and future researchers.

Keywords: teachers’ teaching effectiveness, mathematics learning disturbance,

vocational senior high school students
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