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Discussion and conclusions 325 

improve learning. 

Thirdly, in agreement with the literature in general science education, this 

research also revealed the links between affective and cognitive learning 

outcomes (eg, Rennie and Punch, 1991). Students' preferable attitudes towards 

physics and towards learning physics in their classes appeared to be crucial to 

obtaining a satisfactory academic performance (see section 4.2.4). 

On the other hand, several findings of this research which were divergent from, or 

absent from the literature, are discussed below. 

Firstly, the original positive learning attitudes revealed by this study (see section 

4.5 .1) were not found in the literature. On the contrary, the literature emphasised 

the students' passive attitudes in the process of learning university physics (eg, 

Hammer, 1995b; Redish, Saul and Steinberg, 1998; White et al., 1995). This 

research found that the students' original positive learning attitudes may have 

greatly contributed to the significant outcomes of the intervention teaching, and 

could be greatly developed to promote learning. On the other hand, the original 

positive learning attitudes in contrast to the prevalent passive attitudes towards 

learning (see section 4.5.2), both found in this study, indicated significant 

deterioration in students' learning motivations, and encompass a sign of warning 

to physics educators at university level. 

Secondly, this research found that the Taiwanese students' high school physics 

background was relatively sound (see section 4.5.4), and the difficulty of the 

subject was not the major concern of the students when learning university 

physics (see section 4.5.3). This finding is in opposition to most of the western 

studies in this area, which usually note that the weak background of the incoming 

students is a major barrier to learning university physics (eg, Kurz, 1997 in 

Germany; Redish, 1996 in US). Owing to this understanding, the intervention 

program adopted a teaching strategy of creating more challenge for the students 

cognitively, which was shown to be beneficial to the outcomes. The success of the 

challenge strategy may be not only based on the students' sound physics 

background but also rely on their original high learning motivations. Reflecting on 
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Baird and Penna's (1996) study, challenge teaching cannot occur without learner 

motivation. High learning motivation and manageable cognitive demand are both 

essentialities for achieving successful challenge teaching. 

The last finding of this study, which is not usually found in the literature, was the 

comparison of the physics lecturers' and the students' opinions regarding the 

teaching and learning of the university physics course. Most of the studies tended 

to limit their investigations either to the students' or the lecturers' perspectives 

(eg, Prosser, Walker and Millar, 1996; White et al., 1995). A mismatch was found 

between the lecturers' and the students' opinions regarding the course design, as 

well as a lack of understanding of their students' situations on the part of the 

lecturers, despite their long years of teaching experience. The mismatch in 

opinions between the two groups was mainly in the area of content design, such as 

introducing life phenomena or mathematical derivations, content coverage, etc 

(see section 4.1.3). The insufficient understanding of the lecturers was mainly in 

the area of their students' strengths, which included their original learning 

attitudes and physics background. These two implicit strengths have the potential 

to be developed in order to greatly benefit and improve the existing poor learning 

outcomes, but if fact, they were not even noticed by the lecturers. 

During the research process, the investigation of the lecturers' views seemed to 

promote the lecturers' awareness of the issues related to the course design, and 

indirectly facilitate a certain degree of modification to their teaching content 

design which appeared to bring it closer to the students' preferences (see section 

5.2.4). The procedure of investigating the lecturers' perspectives not only 

obtained an understanding of their points of views, but also influenced their 

perceptions of teaching and learning as well as their teaching in practice. The 

latter two achievements were actually beyond the researcher's expectations when 

designing this research. In other words, the research process investigating the 

lecturers' points of view seemed to have resulted in the lecturers reflecting on 

their current teaching and their students' learning. 

In summary, the findings of this research in the context of an Asian country were 

mostly either consistent with the western studies or not usually found in the 
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literature. It is perhaps surprising to see that there were practically no significant 

differences found between the two systems, except the students' academic 

background. 

10.4 Reasons for the outcomes of the two teaching formats 

This research described the problems of the traditional teaching in contrast to the 

outcomes of the intervention teaching program. In this section, an attempt to 

search for possible reasons for the failure and success of the two types of teaching 

design is made, based on the data analysis. 

10.4.1 Main reasons for the poor learning outcomes 

Both the students and the lecturers contributed to the poor learning outcomes of 

the traditional course. These factors included: 

(1) learners' lack of awareness and self-management, 

(2) teaching and learning dominated by a transmission of knowledge view, and 

(3) assessment emphasising factual recall. 

With respect to the students, the problems may be mainly related to their 

perceptions and attitudes. The original positive learning attitudes seemed not to 

henefit their actual learning at all through traditional teaching. The students in the 

traditional classes appeared to be unaware of their learning, lacked self­

management, and were dependent on lecturers/teaching in contrast to the students 

in the intervention teaching. The latter expressed a deeper insight into and 

stronger awareness of their learning. Indicators of the intervention students' 

awareness of their learning included an awareness of ( 1) the 

incompleteness/inappropriateness of their prior understanding of physics concepts 

(see section 9.2.4), (2) the complexity of establishing a thorough understanding of 

physics concepts (see section 9.1.1 ), (3) the necessity for participating in learning 

in class (see section 9.2.1), (4) the need to preview (see section 9.2.2), and (5) the 
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longer study hour out of class (see section 8.1.5). 

The first three ideas identified by the intervention students are in fact key notions 

of a personal constructivist view of learning (eg, Osborne and Freyberg, 1985), 

which was part of the theoretical basis of the design of the intervention program. 

Although the researcher did not attempt to explain explicitly the reasons for the 

new teaching design, the students seemed to see the reasons and appreciated the 

design. The findings implied that students' perceptions of learning and learning 

orientations can be influenced by the teaching format, which is in accordance with 

the notion of the sociocultural view of learning (eg, O'Loughlin, 1992; Salomon 

and Perkins, 1998). It was suggested that while learning in the classroom, students 

may not only develop their subject knowledge, but may also reconstruct their 

beliefs of the goals of the course (what to learn) and effective learning approaches 

(how to learn) (Hammer, 1995b). 

With respect to the lecturers, the effort and commitment that they put into their 

teaching may in fact do more hard than good to their students' learning. Due to 

the lecturers' superficial view of the learning process, and misunderstandings of 

their students' situation, inappropriate teaching strategies were adopted. The 

lecturers' superficial perspectives of viewing teaching and learning revealed in 

this research include: (1) Didactic teaching is normal, and stimulating students' 

participation is auxiliary to improving learning (see section 5.4.1). (2) Teaching 

tasks are limited to transmitting information, and the dissatisfied learning 

outcomes seem not to challenge their beliefs in the fulfilment of their teaching 

responsibility (see section 5.4.3). (3) With respect to the ways of improving their 

teaching, the lecturers focused on the issue of content selection rather than other 

issues, such as the goals of the course, which teaching approach to use, and 

assessment orientations (see section 5.4.4). 

All of the above responses supported the arguments of this thesis that physics 

lecturers commonly hold a behaviourist commitment of viewing learning (see 

section 2.3.1 ). The physics lecturers' opinions indicated that they over-simplified 

the learning process, and thus limited their teaching tasks to articulately 

presenting information. In agreement with the literature, this research found that 
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lecturers' perceptions of teaching and learning are influential on their beliefs as to 

the role of a physics lecturer, and hence the teaching approaches they adopt (eg, 

Wubbels and Brekelmans, 1997; Hammer, 1995b). The behaviourist perspectives 

of teaching and learning held by physics lecturers can be a primary reason for 

poor learning outcomes (Hammer, 1996; Redish, 1994). 

At the same time, the literature has addressed links of the teaching style to the 

students' perceptions of their learning and their learning and strategies (eg, 

Trigwell and Prosser, 1991; Roth and Roychoudhury, 1994). These relationships 

were also found in this research. The links between the inappropriate teaching 

strategies and the negative effects found in this research were mostly consistent 

with the notions in the literature. These were: (1) The over-coverage of the 

content, the unreasonable teaching pace, and the assessment emphasis on fact 

recalling which may encourage the students' adoption of rote learning (Pintrich, 

Marx and Boyle, 1993; Entwistle and Ramsden, 1983). (2) The fact that the 

content design appeared to be similar to high school physics may have resulted in 

feelings of boredom and repetition, which may reduce the students' awareness of 

the incompleteness in their prior concepts. (3) The content selection was mainly 

decontextualised and appeared to be irrelevant to everyday life, which may fail to 

indicate the value of the course, and thus deteriorate the students' learning 

motivation (Hipkins and Arcus, 1997; Jones and Kirk, 1990). (4) The teaching 

strategy to reduce the difficulty of the course for the students may have caused the 

students to under-estimate the amount of effort they are required to put into 

learning, to feel bored, and/or even to look down on the course. The students' 

responses of insufficient difficulty in physics as found in this research are also 

reported by Baird and Penna ( 1996). They referred to it as the teachers' "sin of 

commission" yielding to the unmotivated students. However, insufficient 

difficulty has been found to adversely influence the learning motivations in this 

research. (5) The didactic teaching methods may reinforce the students' beliefs in 

the transmission view of learning, endorse their passive learning habits in class, 

fail to activate the participation of the students in classroom activity, and thus 

contribute to poor academic achievement (Roth and Roychoudhury, 1994). 
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Overall, the lecturers' superficial perspectives of viewing teaching and learning 

may be a fundamental cause of the above inappropriate teaching design, which 

may contribute to the deterioration of the students' learning motivation, reinforce 

the students' superficial perceptions of learning physics, and result in the poor 

learning outcomes. 

10.4.2 Strategies benefiting learning outcomes 

On the other hand, strategies adopted in the intervention teaching, which may also 

have positive impacts on the students' motivation as well as their perceptions of 

learning, contributed to the promising outcomes. The links between these teaching 

strategies and learning outcomes are suggested below: 

• Providing intellectual challenge 

The teaching strategy aimed to provide intellectual challenge through teaching 

sequence of questioning before teaching, and the content structure of theory 

embedded in context. Without providing the clues to the corresponding theory, the 

questions become very challenging for the students, although those phenomena 

are easily seen in everyday life. The results showed that this strategy was critical 

to the learning outcomes of the intervention teaching program, including ( 1) 

encouraging a comprehensive learning approach, (2) raising awareness of the 

incompleteness of the students' prior knowledge in physics, (3) avoiding feelings 

of boredom, and (4) promote students' learning commitment (see section 9.2.2). In 

agreement with the literature, providing intellectual challenge is found to be 

beneficial to the improvement of learners' learning attitudes (Baird and Penna, 

1996). 

• Context-rich questions 

The literature has highlighted the role of context in learning. The notion of 

situated-cognition states that concepts and thinking are contextualised, and the 

appropriation of concepts is delimited by the conditions of the given context 

(Hennessy, 1993; Linder, 1993). Meanwhile, from a social constructivist view, 

meanings of the words are determined by the corresponding social setting; 
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learners take cue from the specific society to construct their concepts (Driver et 

al., 1994; O'Loughlin, 1992). Therefore, giving consideration to context in 

teaching is not just for attracting students' attention, but for cognitive reasons as 

well (Bell B., 1993, p.28-29). Context, both of the question and of the learning 

society, is essential for learners to clarify their understanding of the concepts of 

the questions (Hipkins and Arcus, 1997), and students cannot deal with the 

question, unless they already have some knowledge about the context of the 

question (Linder, 1993; Stinner, 1995). 

This research found that the context-rich questions helped the physics theories to 

become more visible, approachable, and meaningful for the students (see sections 

9.2.3 and 9.1.2), which is consistent with the literature (eg, Jones, 1988). Other 

advantages identified by the students were that the novelty of the questions 

induced learners' curiosity, induced more awareness of the students' 

incompleteness of their prior concepts, and stimulated their learning engagement 

in class (see section 9.2.2). 

• Time for thinking and discussion 

A third strategy for improving learning outcomes was that the intervention 

students highly praised the time for thinking and discussion in class (see section 

9.2.1 ). The intervention teaching allowed about half of the teaching time to be for 

the students' thinking and discussion. According to the students' responses, this 

strategy ( 1) helps retain learners' attention, (2) promotes learning engagement in 

learning in the classroom, (3) fosters the learners' awareness of their learning, and 

(4) encourages deep-level learning approaches (see sections 9.2.1 and 8.2.3). 

While students pointed out these advantages, they also noted the complexity of 

learning physics. 

These responses from the intervention were consistent with the main arguments of 

a personal constructivist view ( eg, Osborne and Freyberg, 1985; Posner, Strike, 

Hewson and Gertzog, 1982). The central themes of a personal constructivist view 

of learning are ( 1) to highlight the complexity of the learning process and 

presenting a challenge to the traditional, transmission view of teaching ( eg, 
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Osborne, 1984; Linder and Erickson, 1989), (2) to address the need for learners to 

participate in the learning process (eg, Osborne and Freyberg, 1985), and (3) to 

highlight the needs of learners to engage in a deep-level learning approach, and to 

be persistent in confronting difficulty, in order to achieve conceptual development 

(Bell B., 1993; Posner, Strike, Hewson and Gertzog, 1982). Details of a personal 

constructivist view of learning were discussed in section 2.3.2. 

The intervention students also give positive feedback on the small group 

discussions conducted in the intervention teaching, which supported the notions of 

the literature regarding social practice. Responses of the intervention students 

included ( 1) through the interactions in the small group discussions, learners can 

facilitate each others engagment in thinking about physics, (2) students can 

sometimes better understand the meanings of peers' words than those of their _ 

lecturers, and (3) it is more comfortable to discuss with peers than with the 

lecturer due to the lecturer's authority (see section 9.2.1). The students' responses 

supported the thesis that in addition to individual cognitive engagement, 

participating in social practices such as group discussion is also beneficial to 

learning outcomes (see section 2.4.2). 

The above assertion is in accordance with the literature regarding social learning, 

including: ( 1) Social learning and individual learning are mediated 

/complementary to each other ( eg, Bell and Gilbert, 1996; Salomon and Perkins, 

1998). (2) Meanings of words are not fixed and objective from human activities, 

but rather, they are determined by social, historical and cultural contexts. While 

learning, people need to negotiate and share the meanings of the words to 

construct their own understandings of the concepts (Hennessy, 1993; Lemke, 

1990; Roth, McRobbie, Lucas and Boutonne, 1997). (3) The status of the speaker 

can influence the meaning and the power to the listeners: notions of power are 

related to the process of meaning construction (O'Loughlin, 1992). Details of a 

sociocultural view of learning are presented in section 2.3.3. 

• Golden stage at commencement 

Another strategy of the intervention design may benefit to the outcomes was that 
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the program was implemented at commencement. The students' original positive 

learning attitudes may have contributed to the outcomes of the intervention 

teaching, and the program may have enhanced the incoming students' positive 

learning attitudes. Therefore, the strength of the learning attitudes and the 

teaching design may have constituted a productive cycle in the intervention 

teaching. 

• Reduce lecturer's authority and provide choice for learning 

The last strategy may promote the outcomes of the program was that the 

researcher intentionally reduced the authority of the lecturer and provided choice 

for learning including ( 1) lowering the status of the assessment, (2) avoiding call­

on, ie, forcing students to answer questions in public, but providing opportunities 

for students to express their opinions voluntarily, (3) providing students with 

optional assignments. This strategy was shown to provide a more supportive and 

flexible learning environment for the students, and thus, to promote learning 

interest, and encourage autonomy and adoption of deep-level learning strategies, 

which is consistent with the findings of many studies in higher education (eg, 

Trigwell and Prosser, 1991). 

10.5 Implications and suggestions 
The above discussions have summarised the findings arising from the two 

different teaching designs: traditional and intervention. However, the completion 

of this research is not the end of the story. The positive results received from the 

intervention program do not imply that the researcher has solved the problems of 

the existing university physics education. Three points are discussed as the closing 

comments of this thesis. 

Firstly, the delimitation and limitations of this research may result in an over­

optimistic impression of the way to improve teaching and learning. The positive 

results for the intervention students may deteriorate when the teaching context is 

altered (Dunkin, 1983). Secondly, the significance of this research can be 
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recognised only when the key arguments of this thesis can be implemented in the 

classroom by physics lecturers. Some further discussions and suggestions may 

help to eliminate physics lecturers' hesitations to modify the teaching format that 

have existed for such a long time. Thirdly, suggestions for further research are 

offered. 

These three points: (I) the delimitation and limitations of this research, (2) the 

implementation of the research findings in teaching, and (3) suggestions for 

further research, are discussed as follows. 

10.5.1 Delimitation and limitations of this research 

The restrictions of the teaching environment and practical considerations of the 

researcher's situation limited the findings of this research. Since the students' 

responses may be altered with respect to different contexts, the findings of this 

research may not be able to be applied to all classrooms. Therefore, the findings 

of this research, particularly the evaluation of the intervention teaching program, 

may need to be recommended to physics lecturers with some caution. 

Considerations of the particular teaching and learning contexts in the intervention 

program are discussed below. 

Firstly, the intervention teaching was taught by the researcher with a status of 

"researcher", while in classrooms students are normally taught by "lecturers". 

Regarding the quality and effectiveness of their teaching design and performance, 

a researcher in Taiwan may possess higher authority than a lecturer according to 

the researcher's experience in teaching the intervention program. Meanwhile, 

teaching innovations have been become well-known and promising events with 

the Taiwanese public for solving the existing problems of the whole education 

system in recent years. Since the intervention teaching was classified under the 

title of research in teaching innovation, it may have given the intervention 

students a prior impression of "advanced" and "better". The title of the 

intervention program may have helped convince the students to appreciate the 

intervention design at the first stage. Reflecting on the sociocultural influence of 

learning, the status of the speaker is critical in challenging the listeners' 
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interpretations. This is known as the issue of power (O'Loughlin, 1992). 

Therefore, without the status of researcher and the title of a research program, 

when lecturers apply a similar teaching approach to the intervention program, 

which appears to be very different from the traditional approach, they may 

confront more difficulty in convincing the students to accept this new teaching 

style, and the students' agreement with and support of the change is essential for a 

continuing teaching modification. 

Secondly, the intervention program was short - three weeks only, and there is a 

lack of continuing investigation into the students' opinions. The intervention 

students may have still felt fresh and curious about the new teaching style, and 

thus gave positive responses when evaluating the program. It is suggested that 

there is a need to examine the students' opinions further, as to whether the 

positive responses from the intervention students were due to a genuine feeling of 

better teaching and learning, or simply because it was a new and fresh experience 

for them. 

Thirdly, the intervention teaching did not just change the method and content of 

teaching, but also implied a change of (1) the ways of learning in class, (2) the 

shift of the roles of both teachers and students, and even (3) the criteria of 

achievement. In other words, the intervention teaching implied a different 

perspective of what to learn, how to learn, and the roles as learners, from the 

traditional teaching format. For example, the intervention teaching emphasised the 

students' participation in classroom activities, shifting the students from passive 

receptors to active participants/contributors, emphasising the close relationship 

between life phenomena and the physics theories, highlighting the learning 

process as part of the goals of the course in addition to obtaining the answer. .. etc. 

All these modifications will need a corresponding assessment policy to facilitate 

the learners' shift from traditional perspectives to the new ones (Boud, 1990). 

However, as explained in section 7 .1.2, the unified examination (in its traditional 

form) still existed at Feng-chia University. The traditional form of assessment 

emphasises (1) mathematical derivation, (2) recalling information, (3) receiving a 

precise and unique "right" answer, and (4) is abstracted from the real world, and 
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everyday life. This means that there is a major mismatch between the assessment 

and the intervention teaching design. Yielding to the restrictions of the system, the 

intervention program intentionally reduced the role of assessment during teaching. 

However, a few intervention students actually expressed their concerns about 

dealing with the mismatch. If the intervention program had existed for longer, in 

the time building up to the mid-term examination, the students' hesitations 

regarding this mismatch were likely to have increased significantly and may have 

lead to a change in their attitudes towards the new teaching design. The power of 

the assessment system on the students' attitudes towards the new teaching design 

is expected to be stronger and stronger as the semester progresses. The mismatch 

between the traditional assessment and the new teaching design might have had a 

major impact on the success of the intervention program if the program had lasted 

longer. The literature has pointed out the crucial role of assessment-orientation in 

determining students' perceptions of learning objectives and learning approaches 

(Kember, Jamieson, Pomfret and Wong, 1995; Tynjala, 1998). Meanwhile, the 

assessment policy and learning objectives may influence the students' judgement 

of the value of the course and determine their learning motivations and strategies 

(Pintrich, Marx and Boyle, 1993). Therefore, it is suggested that modification of 

teaching design needs to be accompanied by a consistent assessment policy in 

order to achieve an optimal learning outcome. 

Fourthly, in order to stimulate the students' willingness to participate in classroom 

activities, learners' motivations and the classroom atmosphere are important. For 

this consideration, the approachable character of the instructor as well as the 

cultivation of friendly classroom atmosphere is required. However, while a 

lecturer attempts to be more friendly and understanding, he/she may have more 

difficulty with classroom management. Several problems could occur, such as, 

skipping class, skipping assignments, and/or classroom disorder. Furthermore, 

once the problems of classroom management becomes significant, the lecturer 

may appear to have lost control of the students, which may result in the students 

looking down on the lecturer and may even lead to disagreement with the new 

teaching design. Although the problem of classroom management was not found 

in the intervention teaching, it should be noted that there is a possible side-effect. 
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A three week program may be too short for the students to become familiar with 

the lecturer's characteristics. It will be worthwhile examining whether the 

approachability of the lecturer and friendly relationship between the lecturer and 

his/her students can be maintained along with a well-managed classroom. 

Finally, trying to adopt a new teaching design is more challenging and difficult for 

the lecturer than adhering to the traditional approach (Bell and Gilbert, 1996, 

p.112; Mohamed, 1994, p.152-157). The difficulties in implementing the design 

may reduce the confidence of lecturer, and/or result in making mistakes in front of 

the students. As discussed in section 4.4.1, a solid academic background was 

perceived as an important feature of being a good physics lecturers by the 

students. The difficulty of using a new teaching may result in the impression of 

the lecturer being a "novice/poor teacher", and "dissatisfied with teaching". 

Implementing a new teaching design requires constant trials and a series of 

modifications mainly according to the students' responses. There is no unique 

formula for all physics lecturers. Therefore, the change process is flexible and 

highly uncertain. This uncertainty may result in more difficulties in teaching. In 

the mean time, the new teaching style is usually in a more open-format than the 

traditional didactic teaching. The questions used in intervention teaching are 

usually more complex than those idealised questions found in traditional 

textbooks. The students may give a variety of answers as well as ask further 

questions in class. All these factors may greatly increase the difficulty of teaching 

and challenge the "precision" of the lecture. 

In summary, when attempting to change the existing teaching system, lecturers 

may face more challenges than those experienced by the researcher as reported in 

this thesis. The difference in the status of the lecturer, the potential impact of the 

mismatch between the traditional assessment and the new teaching, possible 

conflict between having friendly classroom atmosphere and maintaining good 

classroom management, and the increased difficulty of teaching may lead to 

impressions of the lecturer being a poor teacher. All of these factors may have a 

negative impact on the students' beliefs about their learning and perceptions of the 

new teaching design. The students' understanding of and agreement with the 
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change in teaching play a crucial role in process of improvement (Bell and 

Gilbert, 1996, p.117). 

10.5.2 Implementation of those research findings in teaching 

In order to implement the outcomes of this intervention program in real 

classrooms, the physics lecturers' willingness to change is critical in the first 

stage. The findings of this research, both in traditional and intervention classes, 

may provide information that will convince other physics lecturers that a change 

of an approach is required. 

• High threshold, high power of the interactive teaching approach 

This research has highlighted the teaching task of encouraging students' 

intellectual engagement and participation in class activity, ie, thinking and 

discussion, in order to improve learning outcomes. However, it appears to be not 

an easy task to fulfil. According to the lecturers' responses, many of them had 

experienced unsuccessful results when attempting to promote interaction in their 

classes, and thus their willingness to continue their attempts to modify the didactic 

teaching format was undermined. Although the task is difficult to achieve, the 

intervention teaching program showed that the existing barriers are surmountable. 

Once the students have taken responsibility for their learning and have become 

active participants in class activities, the learning outcomes of the interactive 

teaching approach are expected to be very powerful. The outcomes as expressed 

by the students were in fact much more significant than the researcher's original 

expectations when designing the program. 

According to the literature ( eg, Bell and Gilbert, 1996, p. 70-91; Claxton, 1989; 

Cottle and Hart, 1996; Banerjee and Vidyapati, 1997), suggestions to lecturers to 

successfully modify the traditional didactic teaching to a more student-centered 

teaching format include: 

( 1) convincing the students of the reasons for the modifications at the beginning, 

and helping students monitor their own progress during the learning process. 
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(2) realising the problems of the existing teaching and the needs to change. 

(3) being sincerely committed to, insisting on modifying the traditional teaching 

approach, and being willing to keep adjusting their teaching according to the 

students' responses. Students' attitudes and responses are critical to the pace of 

change. 

(4) experiencing "better learning", which is crucial to reinforcing the two groups a 

continued commitment to the ways of improvement in teaching and learning. 

The so-called "better learning" implies not only better academic performance, 

but forms a wider perspective, which includes greater enjoyment, social 

cooperation, ownership, confidence and motivation. 

• Nothing can be worse without innovation 

One possible obstacle in the attempt to implement teaching innovations may be 

concern about making the outcomes even worse than the existing situation, due to 

the innovations. However, the findings of this research showed that the outcomes 

of the traditional teaching appeared to be so depressed that actually it would be 

highly unlikely that any innovations could worsen the outcomes further. Based on 

the quantitative analysis in chapter 4, the disappointed learning outcomes 

included: 

( 1) a drastic reduction in willingness to attend: Potential class-skippers increased 

from 0.5% to 12% during the first three weeks, 

(2) a significant proportion of students with low learning commitment: 37% of the 

students study no more than 1 hr/wk, 

(3) a prevalent adoption of a superficial learning approach: 79% of the students 

crammed for the examinations, 

(4) significantly negative comments about the course: Responses about the 

weaknesses were over three times those of the strengths, 

(5) poor academic achievement: On average the students learnt as little as 5-15% 
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of the teaching content. 

These frustrating findings deliver a signal of warning for the need for innovation. 

Meanwhile, they imply that the existing teaching is more destructive than 

constructive for learning outcomes, and therefore there is actually nothing much 

to be lost when trying to modify the current teaching design. 

• Develop lecturers' perceptions, not provide formulas 

Although the intervention program received significantly positive appraisal from 

the students, this does not mean that all physics lecturers in Taiwan should and 

will be willing to follow the same teaching design as this intervention. In order to 

facilitate the physics lecturers to improve their teaching, the findings of this 

research can contribute to the development of the lecturers' perceptions of 

teaching and learning rather than provide formulas for the lecturers to "cure" the 

existing problems in the conventional teaching. Before the lecturers put 

modifications into action, they need to be convinced of the reasons for the 

modifications. Meanwhile, this research has indicated a clue that once a lecturer 

has realised the needs for or experienced success with a teaching design different 

from the traditional approach, it is in fact hard to prevent them from implementing 

further teaching innovations (see section 8.3.6). 

The researcher would expect to broaden other lecturers' perceptions in four areas, 

as a result of this research: 

Firstly, this research expects to promote an awareness of the students' opinions, 

and helps the lecturers achieve a better understanding of their students, 

particularly in their preferences of the course design and perceptions of learning 

barriers. 

Secondly, this research broadens the scope of viewing the goals of the course and 

the achievement of their students. The goals of the course should include 

development of learning ability and learning attitudes, in addition to knowledge 

accumulation. Meanwhile, this research indicates the need to reconsider the 

teaching design and assessment policy in order to match the goals of the course. 
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Thirdly, a research-based investigation of the learning outcomes may provide a 

deeper and wider understanding of the multiple-achievements of different 

teaching approaches. The poor outcomes of traditional teaching, both in cognitive 

and affective areas, in contrast to the improvement in intervention teaching may 

promote the lecturers' awareness of the existing problems, and also provide hints 

of possible solutions. 

Fourthly, the poor results of the students' academic achievement highlight the 

complexity of learning, which may challenge the superficial perceptions of 

learning possessed by many physics lecturers. This information may help lecturers 

realise the essentiality of activating learners' participation in class, and promote 

lecturers' awareness of learners' affective considerations. 

It was found that most lecturers emphasised the existing external restrictions, such 

as time limitations, learners' academic backgrounds, and teaching resources, as the 

main barriers to attempts of improve current teaching. However, the intervention 

teaching showed that these external restrictions are surmountable. The internal 

barriers of the lecturers' perceptions of teaching and learning may be more 

persistent, and be an important barrier which needs to be surmounted. 

In summary, this research provides information for lecturers about (1) the need for 

a change, to revitalise the stagnation of current teaching, (2) possible ways of and 

reasons for modifying current teaching design, and (3) the need for a wider view 

of teaching with the hope of broadening their perspectives as to their role as 

physics lecturers. 

10.5.3 Sociocultural considerations of physics lecturers' attitudes 

towards this thesis 

Whether these research findings can influence physics lecturers, depends not only 

on how significant the research data were, but also on how they perceive the 

education research, the research methodology, and the data provider (the 

researcher). This issue is known as a sociocultural influence (OLoughlin, 1992). 

If the lecturers have a positive perception of this research, then it is likely that it 
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will encourage them to reflect on their teaching, be aware of the existing 

problems, comprehend the main issues regarding improving teaching, be willing 

to be innovative, and be persistent when confronting difficulties. 

The physics lecturers' attitudes towards education research were found to be 

passive in this research (see section 5.6.1), which was also noted in the literature 

(Hammer, 1996). While the physics lecturers expressed high commitment to 

improving teaching, assistance from educational research was not expected. Many 

physicists may under-value the achievement of educational research, when 

compared to that of physics (Hammer, 1996). This implies that the education 

research may have inherent barriers to persuading physics lecturers. Meanwhile, 

due to their research experience, physics lecturers may tend to have more faith in 

the data from strictly controlled experiments rather than those from a more 

flexible setting in educational research. The reliability and validity of self-report 

data may also be questioned by physicists. The current tendency of the 

methodology in education research: interpretative and qualitative, seems to be in 

conflict with physicists' empirical commitments of doing research. Therefore, the 

mismatch between the research methodologies of physics and educational 

research may negatively influence physicists' attitudes towards the arguments of 

education research. Furthermore, consideration of the researcher's title: "lecturer", 

which is the lowest teaching position in a Taiwanese university, may mean that 

much effort is required to gain sufficient authority to convince colleagues of the 

significance of the outcome of this research, in order to facilitate physics lecturers 

improving teaching and learning in the university physics course. 

Action research has been recommended by many education researchers for 

teacher development in secondary schools ( eg, Bell and Gilbert, 1996, p.120). In 

the context of university physics education, it is suggested that conducting action 

research may greatly help to eliminate the potential barriers between physics 

lecturers and physics education research. Action research may allow physicists to 

appreciate the difference in the paradigms of the two disciplines, as well as the 

significance of educational research. Accordingly, the achievement in education 

research can be beneficial to the university physics education in Taiwan. 
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10.5.4 Suggestions for further research 

As mentioned at the beginning of this thesis (see section 1.1 ), this research aimed 

at improving the teaching and learning of the university physics course in Taiwan. 

Both the research process and the findings provided the researcher with a better 

insight into this area of research. This research indicates areas for future research, 

and these are discussed below, including research methodology and further 

research questions. 

• Implications for research methodology 

Based on the experience of this research, the researcher realised that investigation 

and analysis of peoples' thinking and feeling is much more complex than her 

original expectations, based on her previous commitment to the so-called· 

scientific methods. 

Firstly, the meanings of words can vary according to the context of the research, 

such as the subjects' background, the status relationship between the researcher 

and the participants, and the culture of the research location. For example, this 

research found that the students tended to respond to the options of strong 

statements such as "completely agree/disagree". The word completely to many 

Taiwanese may have a more definite meaning than to people in some other 

countries. 

Secondly, people's opinions are more likely to be multi-faceted rather than 

dichotomous. For example, students may feel that the lecturer is appealing, but 

feel that the course is boring, and vice versa. Hence, it is very risky to group 

peoples' opinions and lead to a final conclusion simply based on a short comment 

or response. Further elaboration of their comments, such as the reasons for the 

comments, can provide a better insight into how and what people feel. 

Thirdly, some results appeared to be paradoxical from the view of common sense. 

For example: more students feeling interested in a course does not necessarily 

lead to fewer students feeling bored; better achievement in understanding physics 

concepts, links to the perception of a lighter workload; creating challenge in 
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teaching may not necessarily undermine learning confidence. These examples 

show that an in-depth investigation is essential to achieve a better understanding 

of people's thinking and prevent misinterpretation of the original data. 

Finally, analysis was sometimes beyond the scope of logical derivation. Adoption 

of mathematical rules may distort the message that the original data indicates. For 

example, half the students studying for 10 hours, and half not studying at all is not 

equivalent to all the students studying for 5 hours, but rather, indicates that the 

failure rate could be as high as 50%. Therefore, researchers should be very 

cautious when analysing quantitative data, and should ensure the reasons for 

adopting the analysis procedures, and thus avoid distorting the meaning of the 

original data. 

During the analysis procedure in this research, the researcher gradually realised 

the power of a more open form of investigation using techniques such as open­

ended question surveys or less-structured interviews. Comparing the findings of 

both the closed and open-form data of this research, strengths of the open-ended 

investigations included: (1) identifying the students' comments more significantly 

with respect to different teaching, (2) distinguishing the subtle differences 

between similar responses, and (3) highlighting the critical issues out of all the 

issues raised by the researcher. 

Convinced of the power of the open-form investigation, but also considering the 

need of quantitative data to persuade physics lecturers, the researcher suggests 

that a combination of open-ended questionnaire survey and interview may be 

optimal for further research methodology. 

• Questions for further research 

As discussed in section 10.5.1, the limitations of this thesis may result in an 

overly optimistic impression of the outcomes of the intervention teaching design. 

Further research can address the three main limitations of this thesis and 

investigate the influence of these limitations on the research findings. These three 

limitations can be addressed in the following ways: (I) Instead of a short-term 
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program, further research could be conducted over a longer period such as one 

semester or one academic year. (2) Research combining the intervention teaching 

and a modification to the existing assessment is suggested. (3) It is suggested that 

a new teaching design be taught in a regular class by the researcher, with the 

status of lecturer, and there will be no acknowledgement to the students of its 

research purpose. It will be implemented as a regular university physics class. 

Further research, addressing these three limitations, may well be to continue 

investigation into the students' responses towards the new teaching approach, 

which aims to promote the students' participation in classroom. This further 

research will be exploring the comparison of the new teaching with the traditional 

teaching. Three areas could be studied. 

( 1) learning approach and achievement: How do the students perceive of learning: 

learning process (how to learn), learning goals (why to learn), and learning 

objectives (what to learn)? How do these perceptions link to their attitudes 

towards the teaching design and their academic achievement? 

(2) learning motivations and classroom management: How do the students' 

evaluate the new teaching design? Can the new teaching promote learning 

motivations? Do learning motivations conflict with classroom management? 

(3) academic achievement: Does the new teaching design promote the students' 

academic performance, particularly in their understanding of physics 

concepts? 

The last issue may be the top priority in order to draw physics lecturers' interest in 

conducting an action research cooperatively with the researcher. Hopefully, the 

results can promote a discussion of "what and how much our students actually 

gained from traditional teaching" amongst physics lecturers. Lecturers' 

dissatisfaction with the current teaching may be the first step in the direction of 

teaching innovations. 
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Appendix Al: Survey IF 

Questionnaire survey lF (A translation from Mandarin) 

Please answer the following questions with the corresponding-number. 

Completely Agree Neutral Disagree Completely 
agree disagree 

5 4 3 2 1 

A: Learning attitudes and approach 

What are your self-expectations about the study transition from school to 
university? 

1. I hope to adjust my learning approach from rote learning to deeper __ 
learning. 

2. I expect to actively join the discussion in class instead of being a 
passive listener. 

3. I hope to become an autonomous learner and be equipped with regular 
study habits. 

4. I do not intend to put too much effort into my university study over -­
the minimum requirement to pass. 

5. I expect to be aware enough to critique the teaching material, and not 
always follow what the lecturers have taught. 

6. I would like to enhance my contemporary knowledge by reading __ 
sufficient research articles. 

7. I am willing to try to become an independent learner. 

8. What I perceive of "study" is only limited to reading textbooks. 
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B: Goals of Learning the University Physics 

Compared with high school physics, what do you expect to improve or achieve by 
learning University Physics? 

1. I hope my physics lecturer can provide many new topics in class. 

2. With respect to the topics taught at high school, I hope to have a 
deeper understanding of the physics concepts. 

3. Through learning University Physics, I hope to promote my 
capability in mathematics (including calculus). 

4. I anticipate the course can provide a knowledge basis for my 
majoring advanced study. 

5. I hope to enhance my abstract thinking ability from learning this 
course. 

6. From this course, I hope to become familiar with the link between 
physics theory and application in everyday life. 

7. I expect to know more information about contemporary 
development of technology by learning physics. 

8. I hope this course can promote my interest in investigating physics. 

9. I hope to enhance my ability of English reading by reading the 
English version of the physics textbook. 

10. Other goals you feel important for this course 

According to your point of view, what would be the priority order of the goals of 
the University Physics course from the above statements? (Please fill in the 
number of the corresponding item starting from the most important one) 
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C: Your perceptions about the high school physics coune: 

1. I felt interested in learning high school physics 

2. The teaching content of high school physics was relevant to everyday 
life 

3. The teaching pace was too fast 

4. The workload of high school physics was too heavy 

5. The teaching content emphasized clarifying our understanding of 
physics concepts 

6. The teaching content contained too much mathematical derivation 

D: Reasons for difficulties in learning Physics at high school 

1. I did not put enough effort into studying high school physics. 

2. I could not find an appropriate strategy for learning physics. 

3. In my high school class, the teaching style was monotonous. 

4. The selected teaching content made me feel that it was too dull to learn. 

5. I was incapable of doing the mathematical arithmetic. 

6. I regarded physics as the most difficult subject among all of the courses 
in high school. 

7. The teaching pace of high school physics was too fast. 

8. My high school physics teacher was not able to express ideas clearly. 

9. There were no resources to consult when I had problems studying 
physics out of class. 
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Questionnaire survey IF (Chinese version) 
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Appendix A2: Survey 1S 

Questionnaire survey 1S (A translation from Mandarin) 
Pl ease answer e o owmg Questions wit t e corresoon mg num er. th fi II . . . h h d. b 

Completely Agree Neutral Disagree 
agree 
5 4 3 2 

Part A: Goals of the University Physics course 

Compared to high school physics, the achievements of learning 
University Physics are as follow: 

Completely 
disagree 
I 

1. My physics lecturer provided many new topics in the physics class. 

2. With respect to the same topics as taught at high school, I have a 
deeper understanding of physics concept from learning University 
Physics. 

3. Through learning University Physics, my capability in mathematics 
(including calculus) have been enhanced. 

4. The University Physics course provided a sufficient knowledge 
basis for my major courses. 

5. I have become more capable in abstract thinking by studying this 
course. 

6. Through learning University Physics, I have become familiar with 
the link between physics theory and applications in everyday life. 

7. I have learnt a great deal of information about contemporary 
development of technology from this course. 

8. I have become more interested in physics during the year of 
learning University Physics. 

9. By reading the English version of the physics textbook, my English 
reading ability has improved. 

10. Other goals you feel important for the University Physics course. 

According to your expectation, what should be the priority order of the goals 
of the university Physics course from the above statements? (Please fill in the 
number of the corresponding item from the most important one.) 
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Part B: Curriculum design 

What do you perceive about the curriculum design of University Physics? 

1. I feel interested in learning University Physics. 

2. The teaching content was practical and relevant to everyday life. 

3. The teaching pace of University Physics was too fast. 

4. The workload of studying this course was too heavy. 

5. The teaching content emphasized comprehension of physics concepts. 

6. There was too much algorithmic manipulation in the University Physics 
course. 

Part C: Lecturer and his/her teaching 
What is your perception about your physics lecturer and his/her teaching? 

1. My physics lecturer is equipped with sufficient academic background in 
physics. 

2. The lecturer gives lucid lectures in teaching physics. 

3. My physics lecturer put his/her effort into encouraging students to ask 
and discuss questions. 

4. He/she provided a variety of teaching approaches in teaching University 
Physics. 

5. My physics lecturer supplied ample examples of applications in everyday 
life. 

6. My physics lecturer established a good atmosphere in class. 

7. Other strengths you regard as important for being a good physics 
lecturer. ----------------------
According to your expectations, the priority order for being a good physics lecturer, 
from the above items should be 
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Part D: Obstacles in learning the University Physics 

What do you conceive to be the main obstacles in learning University Physics? 

1. I did not put enough effort into studying the University Physics course. 

2. I did not have an appropriate strategy for learning physics. 

3. There were no resources to consult when I had problems in studying 
physics out of class. 

4. In my University Physics class, the teaching style was monotonous. 

5. The selected teaching content made me feel that physics was too dull to 
learn. 

6. I was incapable of the mathematical arithmetic required. 

7. I had difficulty in reading the English version of the physics textbook. 
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Questionnaire survey 1S (Chinese version) 
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Appendix A3: Survey 2 

Questionnaire survey 2 (A translation from the Mandarin) 

Part I Teaching content 

1. I feel that the teaching content of the university 
physics course repeats too much of the high school 
physics. 

2. I feel that the teaching pace of this course is too 
fast. 

3. I wish that the university physics course could 
supply more examples of applications in everyday 
life. 

4. I wish that the university physics course could 
reduce some classical topics in order to introduce 
more modem topics. 

5. I have lost my confidence in learning physics 
because the teaching materials are too difficult. 

6. I feel sleepy in physics class, because the course is 
too boring. 

7. I expect that the content of this course can be 
adjusted to support my majoring courses. 

8. I agree that it is worthwhile to take this course. 

9. Taking the university physics course promotes my 
interest in investigating physics. 

10. From this course, I have learnt only discrete 
knowledge instead of integrated concepts. 

11. The content of the examinations matches the 
teaching content in physics class. 

Agree Disagree No 

comment 



Appendix A: Student survey questionnaires and interview questions 357 

Part II Teaching approach 

1. The teaching approach of the university physics 
course is appealing 

2. I hope that my physics lecturer can introduce an 
interactive teaching approach in class. 

3. I feel that the traditional lecturing method 1s 
suitable to the university physics course. 

4. I expect my physics lecturer to adopt ~ 
demonstrations throughout this course. 

Part m Leamer self-assessment 

1. I regard myself as being equipped with regular 
.5Ulih'. habits. 

2. I discuss with my classmates when facing some 
unsolved problems. 

3. I reflect on my learning outcomes and try to adjust 
my learning approach. 

4. After studying at the university, I have become 
more actiYe in my learning process. 

5. After studying at the university, I have become 
deeper and more flexible in my learning approach. 

6. In the physics class, I pay attention to my teacher's 
lecturing. 

7. While preparing for the examination, I will still 
memorise the physics formulas even if I don't 
understand the concepts behind them. 

8. I will put in the minimum effort to pass this course 
since I have no interest at all in learning physics. 

Part IV Conclusions and suggestions 

Agree Disagree No 

comment 

1. If the university physics curriculum is going to be innovative, which 
weakness do you think should be improved9 which strength should be 
continued? 

2. Please make comments on the university physics course overall. 
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Appendix A4: Survey 3A 

Questionnaire survey 3A (A translation from Mandarin) 
I. Basic information 

Age __ 1sex_ Entrance exam score in physics _ 

High school category: private Year of graduation from high school : _ 
/public 

High school physics class time: (hour/week) 

1·1 yr_+ 2nd yr_+3nt yr_= 

If there were any extra physics classes, please note here: 

Please respond to the statement in II, m, IV below using the corresponding 
numbers. 

agree slightly agree neutral slightly disagree 
disagree 

5 4 3 2 1 

II. What you expect to achieve from learning university physics. 

I expect to ... 

1. have a deeper comprehension of physics theories 
2. learn many applications in life from physics theory 

3. enhance my mathematics skills 
4. learn only what will appear in the examination 
5. cultivate my logical reasoning ability 

6. be equipped with the knowledge base for the advanced 
courses of my majm: 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 1 

7. develop a more efficient learning approach 5 4 3 2 1 

8. pass the course with very little effort 5 4 3 2 1 

Please go back to the statements in part II and choose two items that you think are 
the most important. Write 1 for the top priority and 2 for the second priority on 
the dash. 
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agree slightly agree neutral slightly disagree 
disagree 

5 4 3 2 1 

III. To what extent do you plan to do the following activities when learning 
university physics? I expect that .... 

1. Even if my lecturer does not take the attendance, I 5 4 3 2 1 
will attend every physics class 

2. The major task for me in a physics class will be to 5 4 3 2 1 
copy everything the lecturer writes 

3. Discussing with peers or the lecturer will help me to 5 4 3 2 1 
understand the concept 

4. I will prefer to study physics alone 5 4 3 2 1 

5. I will be only willing to discuss questions with peers 5 4 3 2 1 
who have a better level of achievement than me. 

6. I will synthesize the concepts in the different topics 5 4 3 2 1 

7. My main task in studying physics will be to practice 5 4 3 2 1 
problem-solving. 

8. To study physics, I will read the textbook. 5 4 3 2 1 

9. To study physics, I will not do anything except 5 4 3 2 1 
memorise formulas before the examination 

10. It will take hrs/wk, out of class, to learn all I need to learn from 
this course. 

IV. What do you expect the lectures to do for you ? 

I expect my physics lecturer to ..... . 

1. lecture on all the content in the textbook 

2. clarify the important concepts from the textbook 

3. show us the skill of problem-solving 

4. link physics theory and applications in everyday life 

5. be aware of student learning while teaching 

6. perform demonstrations while teaching 

7. adopt an interactive teaching approach 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 1 

5 4 3 2 l 

5 4 3 2 1 

8. stimulate the engagement of students m class 5 4 3 2 1 
discussion 

9. give hand-outs 5 4 3 2 1 

1 O. present humorous lectures 5 4 3 2 1 

11 . provide reference information beyond the textbook 5 4 3 2 1 

Please go back to the statements in part IV and choose three items that you think 
are the most important Write 1 for the top priority and 2 and 3 for the following 
priorities on the dash. 
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Appendix AS: Survey 3B 

Questionnaire survey 3B (A translation from Mandarin) 

Please respond to the statements below using the corresponding numbers. 

agree slightly agree neutral slightly disagree 

disagree 

5 4 3 2 1 

• From the past learning experiences in university physics, how do you fed 
about the course? 

THE TEACHING 

1. My physics lecturer has adopted a one-directional 5 4 3 2 1 
delivery teaching method. 

2. I regard an interactive teaching method as more effective 5 4 3 2 1 
in helping learning than one way delivery. 

3. My physics lecturer has clarified clearly the key points 5 4 3 2 1 
of his/her teaching materials. 

4. My physics lecturer has provided plenty of reference 5 4 3 2 1 
information linked to everyday life in his/her teaching 
content. 

5. In the physics class, the teaching methods are 5 4 3 2 1 

monotonous. 

6. The teaching content in my physics class can induce my 5 4 3 2 1 
interest in learning. 

7. My physics lecturer should reduce the teaching time 5 4 3 2 1 
spent on mathematical derivation. 

8. My physics lecturer has been ~ of our learning 5 4 3 2 1 
outcomes while teaching. 

9. I have very good learning achievements from the 5 4 3 2 1 
physics lessons. 

* 10. The teaching time spent on discussion should be used 5 4 3 2 1 
on other activities, which are more important. 

* 11. In-class discussion helps me a lot in understanding the 5 4 3 2 1 
physics concepts. 

* 12. My physics background is too weak to cope with 5 4 3 2 1 

discussion . 

* Questions 10, 11, 12 were given to the intervention class only 



Appendix A: Student survey questionnaires and interview questions 364 

agree slightly agree Neutral slightly disagree 

disagree 

5 4 3 2 I 

THE LEARNING 

1. In the physics class, I feel that learning physics is a 5 4 3 2 I 

matter of enjoyment. 

2. If my lecturer :won.:.t record the attendance, I will not 5 4 3 2 I 

attend the physics class. 

3. I concentrate on listening to the lecture in the physics 5 4 3 2 I 

class. 

4. In the physics lessons, I am engaged in active thinking. 5 4 3 2 I 

5. In the physics class, I am involved in the discussions 5 4 3 2 I 

6. I understand how to adopt a more flexible and deeper 5 4 3 2 I 

learning strategy from the university physics lessons. 

7. I am not interested in physics at all; I just expect to pass 5 4 3 2 I 

the course with minimum effort. 

8. Please evaluate how many study hours per week have you spent out-of-class 
on studying physics. hr/wk . 
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agree slightly agree neutral slightly disagree 
disagree 

5 4 3 2 1 

THE COURSE 

1. The physics lessons promote my interest in learning. 5 4 3 2 1 

2. The physics lessons enhance my physics concepts. 5 4 3 2 1 

3. I have only learnt discrete pieces of knowledge, not 5 4 3 2 1 
integrated concepts. 

4. Regarding the physics course overall, I feel satisfied 5 4 3 2 1 
with it. 

5. The physics lessons reinforce my confidence. 5 4 3 2 1 

6. The physics lessons develop my thinking ability. 5 4 3 2 1 

7. Till now, I have learnt nothing from this course. 5 4 3 2 1 

II. Conclusions and Suggestions 

1. What do you like about this class? Why do you like it? (Please use your own 
words to express your opinions) 

I like ----------------------
because ----------------------

2. What do you dislike about this class? Why do you dislike it? 

I dislike ---------------------
because ---------------------

3. Do you wish to let your physics lecturer read the result of this questionnaire 
survey? Yes ; No __ 
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Appendix A6: Student interview 

STUDENT INTERVIEW QUESTIONS 

Name: Class_ IAge __ !Entrance exam score in physics _ 

Date Code# I comments 

I. Learning 

1. What have you done in physics class? 

(a.) note-taking: verbatim or summarizing 

(b.) pay attention or day dream? Why can't you focus? 

( c.) actively discussing or not? Why not discussing? 

2. What have you done to learn physics out-of-class? 

(a) regular study habit? __ , study hour? __ hr/wk 

(b) reading text/notes ( concept) or practicing problem-solving? 

(c) reading reference articles or not? 

3. What is most beneficial to your learning? 

listening to the lecture, taking notes, discussion, problem-solving, sitting tests 

4. What will you do if you have problems in learning physics? 

keep thinking alone, read the textbook/ notes, read the solution, ask others, 

discuss with others 

5. How do you feel about your learning outcomes? 

a. Are you satisfied with your learning outcome in university physics? 

Which weakness makes you dissatisfied? 

b. Do you wish to make any modification to your learning approach? 

c. Why do you think some students can learn better than you? 
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II. Teaching content 

I. How do you feel about the teaching content of the university physics course? 

Strengths & Weaknesses? 

Which aspects of the teaching content should be selected in university physics 
course? 

2. What was the taught unit that you liked the most? Why did you like it? 

3. What was the taught unit you disliked the most? Why did you dislike it? 

ill. Teaching approach 

I. How well did your lecturer teach? 

A. reasonable pace? 

C. establish confidence? 

E. efficient in helping learning? 

B. clarity/ structure ? 

D. promote interest? 

F. induce engagement? 

2. What were the strengths and weaknesses of the teaching approach? 

Suggestions for improvement? 

3. The major task for my physics lecturer in class should be ______ _ 

4. What are the characteristics of a good physics lecturer? 

IV. Comments on and suggestions for the university physics course overall. 
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Appendix A 7: Consent form 

Consent Form for the Second Year Students (survey IS) 

(A translation from Mandarin) 

Dear Students, 

After one year of learning the university physics, you must have some comments 

about this course, either positive or negative. This questionnaire is a study of how 

to improve the teaching outcomes of the University Physics course, for my thesis. 

I am a physics lecturer at Feng-chia University and presently have been studying 

for a doctoral degree at the University of Waikato in New Zealand. Filling in this 

questionnaire will take you about 20 to 30 minutes. Your co-operation in this 

matter would be very greatly appreciated. The completed questionnaires will be 

kept confidential and only the researcher will evaluate the contents. 

D Please tick the box if you are willing to fill in this questionnaire. 

Wheijen Chang 

(Consent form for survey IS) 
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Consent Form for the First Year Students (survey lF) 

(A translation from Mandarin) 

Dear students, 

After passing the Entrance Exam and successfully entering Feng-Chia University, 

you might have some opinions about year past high school education as well as 

expectations for you coming tertiary education. This questionnaire is a study of 

how to improve the teaching outcomes of the course of University Physics, for my 

thesis. I am a physics lecturer at Feng-Chia University and presently have been 

'Besides of the research results and comments from foreign countries, your 

opinions will become precious resources for this research of improving our own 

university physics education and to enhance the function of this course in the 

future. 

Filling in this questionnaire will take you about 20 to 30 minutes. Your co­

operation in this matter would be very greatly appreciated. 

D Please tick the box if you are willing to fill in this questionnaire. 

(Consent form for survey lF) 

~{ft [A] ~fri: 

Wheijen Chang 
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Consent form for survey 2 

(A translation from Mandarin) 

Dear Students, 

This questionnaire is for a study of how to improve the teaching outcomes of the 
university physics course. I am a physics lecturer at Feng-chia University and am 
presently studying for a doctoral degree in New Zealand. Besides the research 
results and comments from foreign countries, your opinions will become precious 
resources for this research to improve our own university physics education and to 

promote the function of this course in the future. 

Filling in this questionnaire will take you about I 5 minutes, and the completed 
questionnaires will be kept confidential. Although it is not compulsory to 
complete this questionnaire, your co-operation in this matter would be very 
greatly appreciated. The completed questionnaires will be kept confidential and 
only the researcher will evaluate the contents. Thank you for your assistance! 

D Please tick the box if you are willing to fill in this questionnaire. 

Wheijen Chang 

(Consent form for survey 2) 

i!J.(JL [ttJ fflff1: 
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Appendix Bl: Outlines of lecturer interview 

Outlines of lecturer interviews 

Name: Year of teaching: Code#: 

Interview time: Phone: email: 

Teaching: 

(i) Support from the university 

(ii) Restriction 

(iii) Resources 

(iv) Teaching commitment/responsibility 

Goals of the course: 

(i) Clarification, Flexibility, Fulfillment 

(ii) Content knowledge, Learning attitude, Learning ability 

Curriculum design: 

Content 

Approach: (I) evaluation of conventional, 

(2) possible strengths of interactive teaching approach, 

(3) barriers to interactive teaching approach 

Assessment: ( 1) guiding learning, 

(2) validity, 

Learning: 

(3) alternative methods, 

( 4) individual diversity 

(i) Academic performance 

(ii) Affective outcomes 

(iii) Learning engagement/commitment/attitudes 

(iv) Criteria & purpose of failing students 

date: 

(v) Main learning barriers: (I) student, (2) teacher, (3) curriculum design 
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Appendix B2: Lecturer Survey 

Lecturer survey (A translation from Mandarin) 

I: What are your opinions about the results of the student survey in April 
1998 (survey 2)? 

1. Do you feel the results will be a useful reference for your future teaching? 

2. Are there any opinions from students surprising in the light of your 
original perceptions? Please describe them. 

3. Is there any bias that you feel may exist in the design of the student 
questionnaire? Please give your comments and suggestions to the 
researcher. 

4. Do you think students expressed their real opinions of what they felt 
about this course? 

5. In your judgment, does the student survey show that the attitude of many 
of the students is that they want to have an easy time when studying 
physics rather than wanting to improve their learning? 

What are your opinions towards the teaching and learning of the course 
with respect to the results of the student survey? 
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II. Some prevalent problems exist in teaching univenity physics. 
What are your opinions about these problems, and can you suggest 
some possible solutions? 

• "The teaching time is extremely tight .... " 

(Possible options for addressing this problem are listed below. Please list any 
applicable numbers or use your own words to outline a strategy.) 

1. Within the limited teaching time, what do you think a lecturer should focus 
on when selecting teaching content? 

What should be avoided? ----------------
1 . cover the content in the textbook 

3. synthesize the concepts in several 
chapters 

5. introduce examples to elucidate the 
physics concepts 

7. solve the problems and teach the 
solving skill 

9. provide reference information beyond 
the textbook 

2. summarize the key point in each lesson 

4. derive and verify each theorem 

6. link the theory and application in 
everyday life 

8. provide the knowledge base for 
advanced courses 

10. others ...... 

(Possible options for teaching approaches are listed below. Please list numbers or 
use your own words to describe your preferences) 

2. With respect to our teaching environment, which teaching approach do you 
think is feasible and can promote student learning outcomes? 

Which teaching approach do you think can promote student learning outcomes but 
has barriers to implementation under the existing limitations? 

1. give hand-outs 

3. call on students to answer questions 

5. guide students to a deeper approach 

7. monitor student learning habits 

2. give assignments 

4. adopt in-class discussion 

6. introduce examples from everyday life 

8. introduce hi-tech & occasional stunts 
topics 

9. be concerned with student learning pace 10. give quizzes 

11. adopt other teaching aids, e.g.__ 12. others ... , ....... 
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• "Many students have low motivation and engagement in physics 
classes .... " 

1. In what ways could we promote the learning interest of our students in a 
physics class? 

2. Will the consideration of promoting student learning interest compete with 
the consideration of maintaining the standard of the university physics 
course? 

Is there any modification in the teaching design that could be beneficial to 
both learning interest and learning achievement? 

m. Finally, please give your comments or suggestions regardi~the design 
of this lecturer questionnaire. 
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Appendix Cl: Force Concept Inventory 
I. Two metal halls arc the same size hut one weighs twice as much as the 

other.The halls arc droppc<l from the roof of a single story huilding at the 
same instan1.·n1c time it takes the halls to reach the ground below will he 

I. about half as long for the heavier hall as for the lighter llnc. 

2. about half as long for the lighter hall as for the hca\'icr one. 

3. ahout the same for hlllh halls. 

4. considerably less for the heavier hall, hut nol necessarily half as lllng. 

5. considcrahly less for the lighter hall. hul not necessarily half as long. 

2. 111c two metal halls of the previous problem roll llff a horizontal table 
with the same spee<l. In this situation 

I. both halls hit the floor at approximately the same horizontal <listance 
from the base of the tahle. 

2. the heavier hall hits the lloor al ahout half the hori,.onlal distance from 
the base of the table than <loes the lighter hall. 

3. the lighter hall hits the floor at about half the horizontal <listance from 
the base of the table than docs the heavier hall. 

4. the heavier hall hits the floor considerably closer to the base of the table 
than the lighter hall, hut not necessarily at half the horizontal distance. 

5. the lighter hall hits the floor considerably closer lo the hasc of the table 
than the heavier hall, hut nol necessarily al half the horizontal llistancc. 

J. /\ stone dropped from the roof of a single-story building lo lhc surface of 
Earth 

I. reaches a maximum spee<l quite soon after release an<l then falls at a 
constant spec<l thereafter. 

2. speeds up as it falls because the gravitational attraction gets considcr­
ahly stronger as the stone gets closer lo Earth. 

3. speeds up because of an almost constant force of gravity acting upon it. 

4. falls because of the natural tendency of all objects to rest on the surface 
of Earth. 

5. falls because of the combined effects of the force of gravity pushing it 
downward and the force of the air pushing it downwarll. 

4. A large truck collides head-on with a small compact car. During the collision 

I. the truck exerts a greater amount of force on the car than the car ex­
erts on the truck. 
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, the car exerts a greater amount of force on the truck than the truck 
exerts on the car. 

:i. ncilhcr cxcrls a force on the other, the car gets smashed simply he­
cause it gets in the way of the truck. 

4. the truck exerts a force on the car hut the car docs not exert a force on 
the lruck. 

5. the truck exerts the same amount of force on the car as the car exerts 
on the truck. 

Use the stateme11t a11dfig11re be/0111 to a11s111er the 11ext 11110 q11estio11s (5 a11d 6). 

111c accompanying figure shows a frictionless channel in the shape of a seg­
ment of a circle with its center at O. ll1e channel has hcen anchored ton fric­
tionless horizontal tnhlc top. You are looking down at the tnhlc. Forces exerted 
hy lhc air arc negligible. A hall is shot al high speed into the channel al /> and 
exits al R. 

R 

5. Consider the following distinct forces: 

A: a downward force of gravity. 

B. a force exerted hy the channel pointing from Q to 0. 
C. a force in the direction of motion. 

n. a force pointing from Oto Q. 
Which of the ahove forces is (arc) acting on the hall when it is wilhin lhc 
frictionless channel at posilion Q? 

I. A only. 

'.!. A and 13. 

:i. A and C. 

4. A. B. and C. 

5. A, C, and D. 

<,. Which of the paths 1-5 hclow would the hall most closely follow after ii 
exits the channel at R and moves across the frictionless tahle top'! 

2 

1 ..... -··· 3 

\~·(.:~~~~~~~-~~ .. 5 

R 

7. A steel hall is attached to a string and is swung in a circular path in a hor­
izontal plane as illustrated in the figure below. 

At point P, the string suddenly breaks near the ball. 

If these events are observed from directly above, which of the paths 1-5 
helow would the hall most closely follow after the string breaks? 

........... __ 

2 

·" ' ... :_/ 
i: .· 
•,',,' 
:,:· ] 

'. P)/---------~-~ 
• •• • ...... -·· '··::_-_---·· 4 

· .... 
5 

Use 1/1e stateme11t a11dfigure below to a11swer the next/our questio11s (8-11). 

111c figure depicts a hockey puck sliding with constant speed 110 in a straight 
line from point to /' to point Q on a frictionless horizontal surface. Forces ex­
erted hy the air arc negligible. You are looking down on the puck. When the 
puck reaches point Q, it receives a swift horizontal kick in the direction of the 
heavy print arrow. Had the puck been at rest at point P, then the kick would have 
set the puck in horizontal motion with a speed 11k in the direction of the kick. 

p Q 
______ .,.. _______ ~------- .... ·-----~-------~-

t 
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It Which ofthc paths 1-5 below would the puck most closely follow after re­
ceiving the kick'' 

:( ' , - - - -~ ~ :( 

, . 
:i 4 <; 

---~• --~• ----~• ----~·-·· ----~• 
+ + + + + 

9. The speed of the puck just after it receives the kick is 

I. equal to the speed 1•0 it had before it received the kick. 

" equal to the speed vk resulting from the kick and independent of the 
speed v0 • 

3. equal to the arithmetic sum of the speeds 1•0 and t'k· 

4. smaller than either of the speeds t',, or 11k. 

5. greater than either of the speeds v0 or vk, hut less than the arithmetic 
sum of these two speeds. 

10. Along the frictionless path you have chosen in question 8, the speed of the 
puck after receiving the kick 

·I. is constant. 

2. continuously increases. 

3. continuously decreases. 

4. increases for a while and decreases thereafter. 

5. is'constant for a while and decreases thereafter. 

11. Along the frictionless path you have chosen in question 8, the main 
force(s) acting on the puck after receiving the kick is (arc) 

I. a downward force of gravity. 

2. a downward force of gravity, and a horizontal force in the direction of 
motion. 

3. a downward force of gravity, an upward force exerted hy the surface, 
and a horizontal force in the direction of motion. 

4. a downward force of gravity and an upward force exerted by the surface. 

5. none. (No forces act on the puck.) 

12. A hall is fired hy a cannon from the top of a cliff as shown below. Which 
of the paths 1-5 would the cannon hall most closely follow'' 

' · •• ;- ....•••••.• ' .••.••••.•••• 4 5. 
. 1 

2 . 

.. ' · ....... : . ,, . ,, 
•,, ... .. . ·.,;· 

. ,~ .. ,. 

13. A hoy throws a steel ball straight up. Consider the motion of the ball only 
after it has left the boy's hand hut hefore it touches the ground, and assume 
that forces exerted hy the air are negligible. For these conditions. the 
forcc(s) acting on the hall is (arc) 

14. 

I. a downward force of gravity along with a steadily decreasing upward 
force. 

2. a steadily decreasing upward force from the moment it leaves the hoy's 
hand until it reaches its highest point;on the way down there is a steadi­
ly increasing downward force of gravity as the ball gets closer to Earth. 

3. an almost constant downward force of gravity along with an upward 
force that steadily decreases until the ball reaches its highest point:on the 
wiiy down there is only an almost constant downward force of gravity. 

4. an almost constant downward force of gravity only. 

5. none of the above. The hall falls back to ground because of its natural 
tendency to rest on the surface of the Earth. 

A howling hall accidentally falls out of the cargo bay of an airliner as it flies 
along in a horizontal direction. 

As observed hy a person standing on the ground and viewing the plane as 
in the figure helow, which of the paths 1-5 would the bowling. ball most 
closely follow after leaving the airplane'! 

=~ -- ----------, ·- . 
.... -·· :··., ···.,, ': 

," ' ·. ', : 
2 3 4 5 

. ' . ' 
'' . •, ',, 

',',:.· _...... ....._,.; .:.~ 
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Vu the stateml'III a11dfi~11re bt•lm1• Ill mm1•er the 11ex1 lll'O q11eslio11s (I .'i mu/ 16). 

A large truck breaks down 0111 on the road and receives a push hack into town 
by a small compact car as shown in the figure below. 

~~'® ~ 
IS. While the car, still pushing the truck, is speeuing up to get up to cruising 

speed, 

I. the amount of force with which the car pushes on the truck is equal to 
that with which the truck pushes back on the car. 

.., the amount of force with which the i:ar pushes on the truck is smaller 
than that with which the truck pushes back on the car. 

3. the amount of force with which the car pushes on the truck is greater 
than that with which the truck pushes hack on the car. 

4. the car's engine is running so the car pushes against the truck, but the 
truck's engine is not running so the truck cannot push back against the 
car. l11e truck is pushed forward simply because it is in the way of the car. 

5. neither the car nor the truck exerts any force on the other. l11c truck 
is pushed forward simply because it is in the way of the car. 

16. After the car reaches the constant cruising speeu at which its urivcr wish­
es lo push the truck, 

I. the mnounl of force with which the car pushes on the truck is equal lo 
that with which the truck pushes back on the car. 

2. the amount of force with which the car pushes on the truck is smaller 
than that with which the truck pushes hack on the car. 

3. the amount of force with which the car pushes on the truck is greater 
than that with which the truck pushes hack on the car. 

4. !he car's engine is running so the car pushes against the truck, hut the 
truck's engine is not running so the truck cannot push back against the 
car.l11e truck is pushed forward simply because ii is in the way of the car. 

5. neither the car nor the truck exerts any force on the other. ·n1e truck 
is pushed forward simply because it is in the way of the car. 

17. An elevator is being lifted up an elevator shaft al a constant speed by a 
steel cable as shown in the following figure. All frictional effects are neg­
ligible. In this situation, forces on the elevator arc such that 

I. !he upward force hy the cable is greater than the downward force of 
gravity. 

2. !he upward force by the cable is equal lo the downward force of gravity. 

3. !he upward force by the cable is smaller than lhe downward force of 
gravity. 

4. the upward force hy the cable is greater than the sum of !he downward 
force of gravity and a uownwan.J force Jue to the air. 

5. none of the above. (l11e elevator goes up because the cable is being short­
ened, not because an upward force is exerted on the elevator by the ca hie). 

f 
J 
f 
t 
' 

slcel 
cahlL' 

;! 
: elevalor going up 

: : at constant speed 

lit ·n1e following figure shows a hoy swinging.starting at a point higher than P. 
Consiuer the following distinct forces: 

A. a downward force of gravity. 

U. a force exerted by the rope pointing from P to 0. 

C. a force in the uircclion of the hoy's motion. 

D. a force pointing from Oto P. 

Which of the above forces is (arc) acting on the boy when he is al position I'"' 

I. A only 

2. A and B 

3. A am! C 

4. A, B,anu C 

5. A,C,and D 
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() 

19. The positions of two blocks al successive 0.20-s time intervals arc repre­
sented by the numbered squares in the following figure. ll1c blocks arc 
moving toward the right. 

I ~ 1 4 5 

• • • • • 
I I I I I I I I I I I I I I I I I I 

• • • • • 
I ~ 1 4 'i 

Do the blocks ever have the same speed? 

I. No. 

2. Yes, at instant 2. 

3. Yes, at instant 5. 

4. Yes, at in~tants 2 and 5. 

I I I 

• t, 

5. YGs, at some time during the interval 3 to 4. 

r, 7 

• • 
I I I I I I I I I-

• • 7 X 

20. The positions of two blocks al successive 0.20-s time intervals arc repre­
sented hy the numhncd squares in the figure hclow. The blocks arc mov­

ing toward the right. 

t 2 1 4 'i <, 7 

hlork A • • • • • • • 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

block /I • • • • • 
I 2 3 4 5 

ll1c accelerations of the blocks arc related as follows: 

I. The acceleration of A is greater than the accclcration of /I. 

2. ·me acceleration of A equals the acceleration of /J. Both accelerations 
are greater than zero. 

3. 'Ille acceleration of n is greater than the acceleration of A. 

4. ll1c acceleration of A equals the acceleration of /J. Both accelerations 
are zero. 

5. Not enough information is given to answer the question. 

Use tl,e statemetrt a11d figure he/ow to a11.nver tl,e 11e.rt ft111r q11estio11s (21 
tlm111g/1 24). 

A spaceship drifts sideways in outer space from point P lo point Q as shown 
below. The spaceship is subject to no outside forces. Starting at position Q. the 
spaceship's engine is turned on and produces a constant thrust (force on the 
spaceship) at right angles to the line PQ. ll1e constant thrust is maintained until 
the spaceship reaches a point R in space. 

,. !ti Q .. ...... -~ ---- - - --..... - - - --- --- --- -- - .... 

21. Which of the paths 1-5 below best represents the path of the spaceship be­
tween points Q and R? 

t' 

<J 

• fl -~ • fl 
i 

2 

____ ... 
<J 

____ ... 
<J 

} 

• fl 
,4 

---- .. •---" 
(! 

4 

oR 

' 

---- .. ·--
(! 

22. As the spaceship moves from point Q to point R its speed is 

I. constant. 

2. continuously increasing. 

3. continuously decreasing. 

4. increasing for a while and constant thereafter . 

5. constant for a while and decreasing thereafter. 

5 

• u 
~ 

23. At point R, the spaceship's engine is turned off and the thrust immediately 
drops to zero. Which of the paths 1-5 will the spaceship follow beyond 
point R'! 
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U • - · I - • _,.. • u • I/ ~ u 

24. Beyond position R the speed of the spaceship is 

I. constant. 

2. continuously increasing. 

::l. continuously decreasing. 

4. increasing for a while and constant thereafter. 

5. constant for a while and decreasing thereafter. 

U• 

25. A woman exerts a constanr horizontal force on a large box.As a result, the 
box moves across a horizontal floor at a constant speed 1,0 . 

The constant horizontal force applied by the woman 

I. has the same magnitude as the weight of the box. 

2. is greater than the weight of the box. 

3. has the same magnitude as the total force that resists the motion of the 
box. 

4. is greater than the total force that resists the motion of the box. 

5. is greater than either the weight of the box or the total for.:e that re­
sists its motion. 

26. If the woman in the previous question doubles the constilnl horizontal 
force that.she exerts on the hox to push it on the same horizontal floor, 
the .box then moves 

I. with a constant speed that is double the speed 110 in the previous ques­
tion. 

2. with a constant speed that is greater than the speed ,,0 in the previous 
question, but not necessarily twice as great. 

3 .. for a while with a speed that is constant and greater than the speed ,,0 

in the previous question, then with a speed that increases thereafter. 

4. for a while with an increasing speed, then with a constant speed thereafter. 

5. with a continuously increasing speed. 

27. If the woman in question 25 sutltlcnly stops applying a horizontal force to 
the block, then the block 

I. immediately comes to a stop. 

'.:'. continues moving at a constant speed for a whiil' and then slows lo a stop. 

::l. immediately starts slowing lo a stop. 

4. continues al a constant speed. 

5. increases its speed for a while anti then starts slowing to a stop. 

211. In the following figure, student A has a mass of 75 kg and student B has 
a mass of 57 kg. They sit in identical office chairs facing each other. 

Student A places his bare feet on the knees of student 8,as shown. Student 
;\ then suddenly pushes outward with his feet.causing hoth chairs to move. 

A 

During the push and while the students are still touching one another. 

I. neither student exerts a force on the other. 

2. student A exerts a force on student R, hut R does not exert any force 
on A. 

::l. each student exerts a force on the other, but B exerts the larger force. 

4. each student exerts a force on the other, hut A exerts the larger force. 

5. each student exerts the same amount of force on the other. 

21). An empty office chair is at rest on a floor. Consider the following forces: 

A. a downward force of gravity. 

B. an upward force exerted hy the floor. 

C. a net downward force exerted by the air. 

Which of the forces is (are) acting on the office chair? 

I. A only 

2. A and ll 

::l. Band C 

4." A. B, anti C 

5. None of the forces. (Since the chair is at rest, there are no forces act­
ing upon it.) 
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30. Despite a very strong wind, a tennis player manages lo hit a tennis hall with 
her racquet so lhal the hall passes over the nel and lands in her oppo­
nent's court. 

Consider lhe following forces: 

A. a downward force of gravity. 

B. a force hy the "hil." 

C. a force exerted hy the air. 

Which of the above forces is (are) acting on the tennis ball after it has left 
contact with the racquet and before it touches the ground? 

I. A only 

2. A and n 
3. A and C 

4. Band C 

5. A, B,and C 

ANSWER KEY FOR FORCE CONCEPT INVENTORY 

Nore: Question number is followed by correct answer. 

1. 3 11. 4 21. 

2. I 12. 2 22. 

3. 3 13. 4 23. 

4. 5 14. 4 24. 

5. 2 15. I 25. 

6. 2 16. I 26. 
7. 2 17. 2 27. 

R. 2 IR. 2 2H. 
9. 5 19. 5 29. 

10. 1 20. 4 30. 
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3. ffi$ZFa~:gftyj~{'J=ffl1J, ,J,'11$~~ 
ii~u$~~mm¥u*]![sj~ 

4. -t$nm1Jf'l=m~•]![. fa•]![riffll1!! 
jJ~-

5. -t$ti~$1¥j1J, W~]![ti-t$s91J 
-ff* 

5. -@J ffmR DZ ~nt£!0fYiii:fr~Zp:nJ Z 
*zµ:~oo , 1:1rn~tr8':Jtf:l{.,~lim o fli. rt£~ 
OO~~_t~ff8·~~~~·-I:r-U-ra1 
~~P~~AW*~~R~M& 0 ~::f~ 
~~~JEl.1J • ~rJ;f£ Q ,liB~1*~¥rff:>1U111JIE!; 
1J t¥J w m? 
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A. fil~ ioff (8ffijJ 

B. liUf~~(8{'Fffl:h • EE Q ,.i!i~A o ~15ioJ 

c. W~!JJ[o]:1Jio](8f'Fffl1J , 

D. -{'Fffl:hEE O !.i!i~A Q !.i!i15ioJ 

1. ..R1f A 

2 . ..R1f A l1J B 

3 . ..R1f A l1J C 

4. A · B l1J C 

5. A • C l1] D 

6. ffeJ::~ • ~ij(EB R ~iitBH~ • :(£~* 
ffiZ:Yt:Wf ~rni~ltJ • ~-aJfiE~liil$ 1-5 Z 
~-tft~? 

1 ..... 

0 

2 

' ' ' ' ' ' 
_ .... 3 

------~ 4 
',: ,' ........ 
\If" 

·~;·. - ..... - .. - ... - - .... - -~ 5 . -· ~ 

R 

7. -il1*~:f£-fi~J::, MJ~~7.l<.2Frni 
f'F[!J .IEJt't~titE", ;e=:(£~01!!1 rJrff-Z 1:v:li:. 
5!~~ffi~~!J5!ffi~1&£f(~iGl!!lJ:: 1-5 z 
$ M,-!AlkT-3111? 

' 
T . 

1 
+ 
' ' 

' '\;_ ....... ~ 
I I,' 
1/,' 

/' 3 

2 

p ~- - - - - - . - - .• 
.. _ .... ',, .. ;" 
"'- ... ~- .. - ',:--- _ ...... - 4 

• ~~HHf TJ1Jtzt!L&~iG@J~ffi 8-11 

m 
• "Fl®! ~,~--H±J f£Eift lf.7]( ~~~fj;z_ 

~U§J _r_J:}_~Jfil Vo E±l P ~~~~ Q ~~ JJrti:J 
rlt~JJ > $J.tj;rJ}1 Q ,;ia~. ·~:§ij--~n 

u r?,iJr1 fnu111~rEf; --11 , 

p Q 
-- --.... ~ -.... - .. -....... ---.. -... -........ -...... --.......... 

t 
8. 3*:(£ ~1*~ --;z~sqtfi.WJI~~~ ""f 
,1!J 1-5 ~J'Jizfi:iI*? 

~ ......... ! I 

2· 3 J ....• ...... ..... . ..... · .. ... 
+ + + + + 

1. l1J~~~!IJHJZJN(83m~ Vof§~ 

2. ~~If<1*M'M.it.a=ey:, ~1oJ-:n~n1& 
(8~~ Vt, fmW Vo~!lftl 

3. ~~VtfD Vo(8-~7(/j\,:Zf[] 

4. &'.,1J,m-~~ Vt 9,X Vo 

5. &'.,7(m- VtS,X Vo ,{!~!JJ,~ffi~~7(1hZ 
l1J 

10. ffeJ::~.3*:f:E'.3t3*~1itBZ{i.1£~­
ffia'9ti!(EfilJ::.3*~s1*1J,~~~ 

1. f~H~::;pf 

2. ~~~1JO 

3. ~ii'f~!J\ 

4. $fc!i1JDfiA-~~~1J\ 

5. {5?Jl~JE-~R1&~ii'ri~1J\ 
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11. 7J:_tffi,IJ(t£~1*~ gtBz f&.rJr~iU 
B'-J~~1r.mnm 

1. [q]rB'-J1tJJEck~~JJ 

2. [q] r i¥J m JJ & fJH~ 11:11 [q] 11.J :m:rJr ~ 
rrxB'-Jn 

3. [q]r i¥J1tJJ &t11! mi mnm [q] _ts'g n .~ 
l3fJ3~1JJ15 [q]l}J:l\:pJr~frxB'g JJ 

4. [q]r i¥J1tJJ &ti!! mi rJr nffi[q] _ts'g n 
5. IJ(~5tfffi:iJf'l=fflJJ 

12. ~DTllil • -IJ(EtJ;'(~~tlil:B*f&i¥Jtti. 
ii , ~mdfjrrlilt:fJ 1-5 $Jtiiit:fJa{Jfi:iJ:i:Ji? 

.\.\-.---- ... ··-,::::"'=:::······ ~ 
·-. ··-. ·- 4 - .. 

·- .. 2. 3 . ·-.. ': 

" ....... ··\. ·· .. ! . . . 
..... \ : 

•, \ I . '' . ' . ,, . ,, ... . '• ........ ·/,: ... 
~-~ : ,,· 

13. -JH~~¥_ti¥Jil~~N[_tW!, ;e=~ 
~,~~~µ.§.tJ. ~rJffi~t£~cpi¥Ji&Jfi.~Fr~ 
1¥1 TJ1?.£ 

1. ~$i&!fi~~¥UroJTa11tJJ • PJ&­
roJ J: . .§. j(,J ,~iifr;,19(~~8:) JJ, 

2. J.f-tEJ:rri&!l~. ~JrJ-[oj J:_§_~;tir~~ 
~~aq JJ, iffi:f:ET~~ fi cp ,1*·~frJ roJT 
.§. ~ifrJ~:IJOl¥JmtJ,~1?.£Ilt~~iilr~ 
jfl:ttl!lm 

3. 1*~ ~ ~~ ¥ z. f& -~JrJ-!Hfi roJ T 
B'T~ .1J, J,,j, & - foJ J: .§. ~ itii ~ i~ S'J jJ, 
-®.iU~FcJ!i!i • 1i~.1*R~frJ-roJT 
Bl .§. fiJEl¥J1t :tJ 

4. 3::gf;3~fi,1*R~JrJ -[q]""f .§.fiJEB'J 
m_jJ 

5. j,,j,J:~1~ 

14. -{*Wiif.tt, g$7~:ttl!fttrff~.tJE.?'.T.tt:fi 
1ft JJilt~{if-i'li~1W.irl i:iJ11EBlilJl.&t,,~~ T 
Iii~ ct 1 1-s ~.rJ!(l':J}tf;-.r_n? 

. . 
, . . . 

:··,:: 

.. 
...... \ : . '' . '' . '' "", .. . '• 

''.~;:::'.=.:" -~ ',:~~'~ .... · 

15. -~ l("""F !lf tlrl!i'a 7 .Ilt-t:-!lf ffi 83 f& mi 
B'-J,J,.1t[ftlfJWH! • ~DT!il • t£,J,!lff~a 
fttlJ;'(1t[ • 1Jo~M~a{Ji&Jficp, 

~~I@~ 
1. ~1t[fi-t:-!lfa{JJJ • W-t:-!lIJJifit1t[a{JJJ, 

j(,J,;f-§1~ 

2. "'**-t:-1lfi¥JJJ, ,J\r~-t:-•rn~•a{j 
jJ 

3. ••m-t:-11Ia1JJ, *~•rn••a1 
jJ 

4. ,j,.!f[5 l*f!?J~~" 'p}TJ,j,_R131J,. 
!lffi;'(-t:-!lfa1JJ • -t:-1t[ij.13U[@l •• 
i¥Jn.~m-t:•i3 l*ril3~" 

5. ffi]f[~Ilt~M.f'l=fflJJ 

16.~1:m.am•~~~~~~~&· 
f*M:~~M~i¥Ji&!fi cp 

1. ~]![fi-t:-1t[i¥JJJ • W-t:-1t[]J[ffl.fJ':;JJ, 
f::.., J ,;;;§ [5J 

2. ~11If1-t:-]l[.1~t1JJ, ,J,ITT*rnfil*:tJ 
jJ 

3. ~•m-t:•i¥Jn, *fr~-t:-*nu,~•:'!1 
jJ 

4. ,J,~]![5[~f*t~~f~, J:ifrJ;JR~1J,~ 
•~~~•a1n·~•~~rn@•• 
tf':JjJ,!z;l~-t:-]f!§ [~;·J1f~~, 

5. ~ $:lBZiltt':J~{'F ,Ef.l jJ 
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slel!l 

: l!lcvator goin!,! up 
: at constant ~peed 

1. m~...t.tl~:h , :*m-ro.JT~!l:h 

2· m~...t.tL~1J • ~m-ro.JTS9!11J 

3. mffl...t.tL~1J , 1J\m-ro.JT~!l1J 

4. m*U...t.tL~n, :*m-ro.JT~mntJ& 
~~T~~:hZ*° 

5. J,J...t.~~l · ~mwt ...t.fHift9~~~~ 
~ • ffiFf*~*U~:h~~m 

0 

A. ro.JTS9m1J 
B. r,a]f-B111='B jJ • nro.JEE P roJ O 

c. -11:m n~~~f~~i/Js'Jnro.J 

D. -{'F.'B fJ , 1HDJEB O roJ P 

l. R~ A 

2. ~~fcfA, B 

3. !: t~ A , C 

4. _R*-f A , B , C 

5. _R~ A , C , D 

19· ffi*tm,ft~li~ 0.20 ;tJ;a~rs1PS,iM:i 
n~I/J · ~fftii!itlD"fllilrfrJG,~rJ 

ffi*tm*~ftJJB-C~JJBitt.)fftii:~*-ff§foJ 
~~J.l? 

12 3 4 5 6 7 
I I I I I I I 

11 I : I I I I I I : I i I I I I I : ' I I I : I , I : I 

I I I I I I I I 
I 2 3 4 S 6 7 ~ 

1. ii *-f {BAJ {fl ii:~*-f f§ [o] ~~ fl 

2. ft 2 ~ij:fFsi,ffi*tm~*-ff§foJB9~J.l 

3. ft 5 ~~Fsi,ffi*tm~*-ff§foJB9~J.l 

4. ft 2 *° 5 ffi~Fsi,ffi*tm~~*-ff§foJ 
~~II 

5. :t£ 3 JU 4 ZFsi~~-!WifFsi,wr*.00~ 
lfif§[o}~~J.l 

20. ffi*tm A & B,ft~ti~ 0.20 ~a~FsiPS 
l~k=ln~i/J.!tfftii!i~DTllilrfrif-,~rJ*-i~* 
.001Jo~J.ls9ft{§fil, "f ~rJ{PJlJfiEul? 

I 2 3 4 6 
blocU I I I I I I 

I I I I 
I 

I 
I ' I 

I ' 
I I I I I I : I I 

' I I I 
I 

block 8 I I I I I 
I 2 3 • ' 

1. *it A ~tJO§!J.lj;::m-*.00 B 

2. *.00 A B91Jn§!J.l~m-*m B,..[~~ 

tJo~.~~*m-~ 
3. *~ A ~1Jo§!J.l1J\fj'~*m s 

4. ffi*.OO~tJn~.J.l~~~ 
5. ~t-4~JEJi~J.-J~i.t@J~ 

I 
I 



Appendix C: Academic performance examinations 393 

• ~~t.LO!""f~U~~~&iiliG@~ffi 21-24 

~ 

• -Mtk. Wri ,tE 9f. :t:~ Ji ::f ~9f.1J f'F= m 
""f ,83 p fliflilt:iJtlffitl Q lli O ¥tl~ Q 
ilia=¥,V<Wri§ r•imMi@ltl.~~~-w 
PQ nfoJf§fil~1¥Jm1J,-@:Jtl~ R !li 
B:¥,§ r•¥}N~M 0 

p ~ Q ....... $--------..... ---- -- ----- -- ..... 
21. ""f~U 1-5 31~ • fPJ:ffft~EWi~tBvcw.i 
EB Q ~JrJ R ~1¥J$JtlfJli? 

,R ,R ,R ,R 

' 
,. ' 4 

' ' 
I 2 4 

: 
···-~· ...... 1. ·---~· ·---~•-·· ····~·-· 

Q Q Q Q Q 

1. f.*M:·mfz 

2. ~it'r.ffi"1JD 

3. ~;tiit~1J\ 

4. 9cti1JDf&.f:WJ~·~fz 

5. $t:{WJ~·mf{f&.~it'r~1J\ 

23. *_t~ • VC~ft R ~B:¥!ffltfi3 [~ 0 ~rJ 
~1:E R ~l!iz f&1¥JfillfJli.~~jm 1-5 z cpa<Jf PJ 
Ji§'> 
7'. 

• ... 
_ ... 

,R 
# 

+ 

z 3 4 5 

R •·- l -·-~ iR •R ~R R• 

24. ,Jz..t~.)(W,j-1£ R !~Zf&9'9:lfil~7(1J\ 
Fi 

1. {!;?J l~l:l 

2. ~;~Tr;i1JO 

3. Si;11!Tr~~ I 1 \ 

4. $1ctttJJof&,f*M:mtz 

5. $'cf*¥.Jm~t&,~~~1J\ 

25. ;tA.Mf!-ufil;Ee'91Jm-!iM&...tz*ffl , 
~*fflft*~~~...t~~~~N~M 
~ 0 ~rJ!ltA.f-f*ffiZf'Fffl:1:J&:,~ 

1. ~m-*ffizffi:il1¥J*,J\ 

2. *m-*fflZffl.Il¥J*1J\ 
3. ~m-*fflffi~Z-ffiP.El.1Jl¥J*1J\ 
4. *m-*fflffi~Z1*ffiP.El.1Jl¥J*,J\ 

5. *m-*ffiZffi:I~*ffipJr~Z-~ 
~.§.1.Jl¥]7(1j\ 

26. ffe..tffi • ~!ltA.f-ffoJ-*fflZ~:1:J~ 
m.~hm:tJz~f.g , ~rJ*Wz~lJJ~tmfPJ? 

1. ~m2voZ~~ • ~~AA~ 
2. {*~~~' _§_~**m- Vo '{g::f-~ 

~Jrj 2v0 

3. $'c{*M:-~~:l!~ifJ , Jt:l!$*m­
Vo ' Z 1~*~itlf:ijf1JO 

4. f~Jij'-~B=¥rs~l¥J1JD:l!M~ • Z 1&1*:t~ 
~~~ib 

5. ff*f!i!!f.*M:1JDifil~itJ 

21. ffe..tm , ;g=nt.A.1'Fm~*Wa:Itttn~ 
~f~ JtJ!rJ~ft1.JW 1t.1¥JD~rs~~Ml.**5~ 
~ 

1. :;'.[f!Pf~ 1t.~f}1 

2. f*t~-~a~rs~a<J~~M~f!t~itiri~ 
~~f-,:Jt 

3. J'.INP~9ai~ifil~f~Jt 

4. IUl1*t=¥~:l!M l! 

5. f*t=¥-m.e~ru~l¥11JD:l!M~ti · ~;i'Ti~ 
z~w¢ 
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28. f®~~A~B • ~~AWA:~750 
fr.~~ B ~ 57 0fr,r®A.~~:(:Effifo.11¥JM 
0~ _c(~~r) 0 tlD!IPfriG • ~~ A PJ~ 
)fellit:f:E~~ B 1¥J§ll_c • ~~~ A ~~lffi'. 
lt~)fell1.tiwittB.~mA.rm~1111J. ~u:t:E~ 
~ A ~tf:r • .§.ffiA.{5t1J~1ifli1¥J~fit:p, 

A B 

1. mA.~::f~¥rrt-fn1¥111=m11 

2. ~~ A nm11~~~ s.m~~ s riff 
nfil1J~~~A 

3. mA.~~¥rrf,f:na~11=m1J.1!~!JJ~ s 
f'!=,E§:(:E~~ A:!%' _t_l¥]1]~j;: 

4. mA.~~¥rrt-fnl¥JWm11.1s~~ A 
f'l=ffl:(:E~~B!l_cl¥JjJ~j;: 

5. ffiA.~nm*iiWJJ-ftj;:l¥Jf'l=ffl1J 

29. -~~1¥1~0~<~~r>iW.rtriJjtti!! 
oo_t_ , ~u~r~"'f~rJ~~1111=m? 

A. jo]"°f1¥Jffl:1J ' 
B. ti!!t~S1f'!=,E§1JjoJ_t_ 

C. ~~~,~a~1·,1Jio]"°f 

I. R:tf A 

2. Rff A • B 

3. ,R~B • C 

4. A , B • C -=..1J~1ff'l=,E§ 

5. 1E~:f·~h ' lz;J§.j~y{~J,¥~.rt 

30. t£~s.l!l "°f • -~I1Ht~~I;f(H¥Ur-f 15 
Bl~~ · ~iJ~~f~~tBB1tffl71& • ¥rr~ttl! 
Mi¥J,@il'¥.Cfl , ~·~¥rJTfJ}Jf,~J1a1f'l=E§? 

A. rn1TJJ~i'tr~1J 

s. £¥tn~~a1 n• 

I. Rff A 

2. _Rff A , B 

3. Rff A • C 

4. _RffB • C 

5. A • B • C =:h~tH'l=Jf.J 
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Appendix C2: Mechanics Baseline Test 

le_, Urfer IO the figure he/ow w/11•11 amweri11g the /int two que.Hiom (I am/ 2). 

This diagralll represents a multiflash photograph of an object Jlloving along a 
hori1ontal surface. ll1e positions indicated in the diagralll arc separated by 
equal time intervals. The first flash occurred just as the object started to move 
and the last just as it came to rest. 

-00 0 0 0 0 0 0 0 0 

!111 ljl I II jll II jllll jl llljlllljlil ljlllijlllljll lij 

I. Which of the graphs 1-'i below best represents the object's velocity as a 
function of time'? 

I' I' I' I' ti 

~' ~' ~' ~' ~~' 
~ 

~ 

Which of the graphs 1-'i below best represents the object's acceleration 
as a function of time? 

,, a a a a 

~+=-+=~·~·~· 
2 3 4 

3. ·n1e vt:l\1city of an object as a function of time is shown in the follmvin!!, 
eraph. Which of the eraphs 1-'i best represents the net-force vs. time re-

I' F F F F 

~.LL.Le_,~. b_, 
2 3 4 5 

Refer to the fol/0111i11g figure 111he11 a11s111eri11g the 11ext three q11estio11s (4 

through 6). 

1l1is diagram depicts a block sliding along a frictionless ramp. 1l1e eight num­
bered arrows in the diagram represent directions to he referred to when an­

swering questions 4-6. 

-!!~-\ 1,71\ 
5 R 

---0 

4. ·nie direction of the acceleration of the block, when in position P. is best 
represented hy which of the arrows in the diagram? 

I. Arrow I 

2. Arrow 2 

2. Arrow 4 

4. Arrow 5 

5. None of the arrows, the acceleration is zero. 

5. ll1e direction of the acceleration of the block when in position Q is best 
represented hy which of the arrows in the diagram? 

I. i\rrow I 
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3. Arrow 5 

4. Arrow 7 

5. Nnne of thl' .irrnws, the acceleration is ;,ero. 

6. l11e direction of the .iceeleration of the hlock (after le.iving the ramp) at 
position R is best represented by which of the arrows in the diagram'! 
I. Arrow 2 

~- A now 3 

3. Arrow 5 

4. Arrow 6 

5. None of the arrows, the acceleration is zero. 

7. A person pulls a block across a rough horizontal surface at a consta/11 
spc•ed hy applying a force F. l11e arrows in the diagram below correctly 
indicate the directions, hut not necessarily the magnitudes of the various 
forces on the block. Which of the following relations among the force 
magnitudes IV, k, N, and F must he true? 

----u 
N 

F 
k , I 1---

.,;, . .:• ... "". ; . ...:..,,, 

IV 

I. F=kandN= \V 

2. F= k and N> W 

3. F> k and N < \V 

4. F < k and N = IV 

5. None of the ahove choices 

H. A small metal cylinder rests on a circular turntable, rotating al a constant 
speed as illustrated in the diagram below. Which of the sets of vectors 1-5 
below hest describes the velocity, acceleration, and net force acting on the 
cylinder at the point indicated in the diagram? 

0 

---F ---•F 

-·· -·· 
-" "=0 

2 

F 

-u 

"=0 
3 

F 

-u -u 

,.. " " 
4 5 

9. Suppose that the metal cylinder in the last problem has a mass of Cl. I Cl kg 
and that the coefficient of static friction between the surface and the cylin­
der is 0.12 If the cylinder is 0.20 m from the center of the turntable. at 
what maximum speed,, can the cylinder move along its circular path with­
out slipping off the turntahle'! 

I. 0 < 11 S 0.5 mis. 

2. 0.5 < 11 S 1.0 mis. 

3. 1.0 < v S 1.5 mis. 

4. 1.5 < ,, S 2.11 mis. 

5. 2.0 < v s 2.5 mis. 

IO. A young girl wishes to select one of the frictionless playground slides il­
lustrated helow to give her the greatest possible speed when she reaches 
the bottom of the slide. 

0.5m 

Which of the slides illustrated in the diagram above should she choose? 

I. Slide I 

2. Slide 2 

3. Slide 3 

4. Slide 4 

5. It doesn't matter, her speed would he the same for each sliuc. 
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/l.efer to thefig11re beill111 w/1e11 a,1sll'eri11g t/1e 11ext 11110 q11estio11s (I J a11d 12). 

P and R mark the highest and Q the lowest positions of a 50.0-kg boy .swinging 
as illustrated in the following figure. 

·-.~--~~=:~ .. -···7R 

11. What is the hoy"s speed at point Q? 
I. 2.5 mis 
2. 7.5 mis 
3. 10.0 mis 
4. 12.5 mis 
5. None of the above. 

12. What is the tension in the rope at point Q? 
1. 250 N 
2. 525 N 
3. 7 x 102 N 
4. 1.1 X }(P'N 
5. None of the above. 

Refer to the figure below when answeri11g the 11ext two q11estio11s (13 a11d 14). 

mocks A and B, each with a mass of 1.0 kg, are hung from the ceiling of an el­
evator by.ropes 1 and 2. 

2 

13. What is the force exerted hy rope I on block A when the elevator is trav­
eling upward at a constant speed of 2.0 mis? 

14. 

I. 2 N 

2. ION 

3. 12 N 

4. 20N 

5. 22 N 

What is the force exerted hy rope I on hlock /1 when the elevator is sta­
tionary? 

I. 2 N 

2. ION 

3. 12 N 

4. 20 N 

5. 22 N 

Refer to thefullowi11gfig11re w/1e11 a1m11eri11g tl,e 11e:rt two questio11s (15 a11d 16). 

The figure helow depicts the paths of two colliding steel halls, A and 8. 

15. 

,•' ti 

__ )l ... 
,•' ·, 

Which set of arrows hest represents the direction of the change in mo­
mentum of each ball? 

IA!· //. 
A 

II //. 1 A 11' 

2 3 4 5 

3'11 
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I(,. \\'hich arrow hesl rcprcsenls lhe i111pulse applied lo hall// hy hall A dur­
ing lhe wllision'.' 

I l /~ 
'.\ 

17. A car has a maximu111 accelcralion of 3.0 m/s2. Whal would ils maximum 
accclcralion he while lowing a second car lwicc ils mass? 

I. 2 . .'i m/s2 

, 2.0 mis2 

3. I .:'i m/s2 

4. 1.0 m/s2 

:'i. O.:'i 111/s2 

11!. A woman weir.hing 6.0 x IO 2 N is riding an elevator from the 151 to the 61h 
floor. As lhe clcvalor approaches the 61h floor, ii decreases ils upward 
speed from 8.0 lo 2.11 mis in 3.0 s. Whal is lhc average force exerlcd hy lhc 
elcv,llor floor on lhe wo111an during I his 3.11-s inlerval'! 

1. 120 N 

2. 480 N 

3. 6011 N 

.J. 7211 N 

.'i. 1200 N' 

11J. The 0diagram below dcpicls a hockey puck moving across a lwri:1111ta/, 
frictio11/c.u surface in lhe dircclion of the dashed arrow. A conslant force 
F. shown in lhc diagram, is acl ing on I he puck. ror lhc puck 10 experience 
a nc'I fprn: in till' tlin·.-1io11 ofrl,c tl,nl,c,I 11rroll', anolhcr force 111usl he acl­
ing in which of lhc dircclions 1-.'i below'! 

.1 ' 

',*: 

Ile/er Ill the fol/0111i11,: figure 111he11 a11s111eri11,: the next three q11estio11s (20 
tlmmgh 22). 

The diar.ram helow depicts two pucks on a frictionless tahle. Puck // is four 
limes as massive as puck A. Slarting from rest, the pucks arc pushed acrnss lhe 
table hy lwo equal forces. 

finish 

F F 

20. Which puck has the greater kinetic energy upon reaching the finish line'? 

I. Puck A 

2. Puck// 

3. 1l1ey holh have the same amount of kinetic energy . 

4. loo lilllc informal ion lo answer 

21. Which puck reaches the finish line first? 

I. Puck A 

2. Puck// 

3. 1l1ey hoth reach the finish line at the same time. 

4. loo lillle information to answer 

22. Which puck has the greater momentum upon reaching the finish line? 

I. Puck A 

2 .. Puck// 

3. 1l1cy hoth have the same momentum. 

4. too lilllc informal ion lo answer 
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Refer lo the followi11g figure whe11 a11sweri11g 1/1e 11exl 1!,ree q11es1io11s (:Z.1 
1!,ro11gl, :!!i). 

ll1e graph below represents the motion of an object moving in one dimension. 

5 

1 
c 
·;:; 
0 

" ;, 

0 5 IO 15 
time (s) 

23. What was the object's average acceleration between t = 0 sand t = 6.0 s? 

I. 3.0 mls2 

2. 1.5 mls2 

3. 0.83 mls2 

4. 0.67 mls2 

5. none of the above 

24. How far did the object travel between t = 0 and t = 6.0 s? 

I. 20.0m 

2. 8.0 m 

3. 6.0 m 

-1. 1.5 m 

5. none of the above 

25. What was the average speed of the object for the first 6.0 s? 

I. 3.3 mis 

2. 3.0 mis 

3. 1.8 mis 

4. 1.3 mis 

5. none of the above 

26. ·111e figure below represents a multinash photograph of a small ball being 
shot straight up hy a spring.ll1e spring, with the ball atop, was initially com­
pressed to the point marked/' and released. ll1e hall left the spring at the 
point marked Q, and reached its highest point at the point marked R. 

R--• • 
• 
• 

• 

• 

1 --
r.-'.~ta'ff~f.'iiti-},;~,~} .,,, i 

Assuming that the air resistance was negligible: 

I. ·me acceleration of the hall was greatest just before it reached point Q 
(still in contact with the spring). 

2. ·me acceleration of the hall was decreasing on its way from point Q to 
point R. 

3. 111c acceleration of the ball was zero at point R. 

4. /\II of the above responses are correct. 

5. ll1e acceleration of the hall was the same for all points in its trajecto­
ry from points Q to R. 

399 
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1J~1JE1Jffl0~ 
* ~ 9'UPfrfFJl1fH§ Y-:1m¥~.ffi • li Wl~mtJ1JDi!ffl'. g = 10 m/s2 

I -f~~if--¥!JIUS@J.aHIIIJ • :t£t§~afrs~rs~~i%1¥-Jf.tz:ii: 0 ffi-'6mt0!H~W.rr.f#J~aiilfJ 
a'9f.tz:ii: • ~JU I-5 ~rj • fAJ:ffr:iJf-t~ltt:¥!Jfflz~Itf.J~rs~Zlfflf*-li? 

00 0 0 0 0 0 0 0 0 

j I I I I 1111 lj I I I II II I 11 11 11 11 I I 111 I I I j I I I I 11 I I I 11 I I 1j 

V t' V V V 

r· fL· ~·fr·~· 
2 3 4 s 

2 3 4 5 

3. -~fffl , *Jfilffl'.t-ta~rs~Z!Ujf*-~D~liJilrfr~ • ~rJ~fU~r.Wfi:iJ:ffft®i?i'mHl!tltt:~~P.~~ 
frJB'Ji1ff 1J t~3~Fs~Z~f*-lel? 

t, 

le. 
~. GL. ~. ~. 6-. 

2 3 4 5 



Appendix C: Academic performance examinations 

*8 l 2 

7 3 

6 
5 4 

Q 

R 
---0 

4. M"*miU~ P '.f.t!iH=¥ • :!t:IJO~f.lt8nioJAJ"fiE~:t1!3-frH1Jt15ioJ? 

401 

I. frjfil[ 1 3. frjfil[ 4 5. tJ__t-gr J'.p • ft P !bH=¥ 
2. frjru[ 2 4. frj:ru[ 5 :IJO~f.lm~ 

5. 7fi:__t~ • M"~iU~ Q !bH=¥ • :!t:IJO~f.la'9:1JioJ'BJfiE~»f;-friiiinioJ? 
I. ~uim 1 3. fri:im 5 5. PJ__t-gr jF • :t£ Q '.f.t!iH=¥ 

2. frjfil[ 3 4. frjfil[ 7 

6.~__t~ • 'i'*m,~Mff±llfiliU~ R '.f.t!iH=¥ • :!t:IJO~f.lt8nioJ'BJfiE~ffl3-frjfil[:1JjoJ? 
I. frjfil!2 3. frjfil[5 5. tJ__t-grjF • :t±R,bH=¥ 

2. Wifil! 3 4. frjfil! 6 

7. -@!A.~-jJ FtlitJ~ •fift*mf* 
rin1~$~t.11 ° tit!il~5G*mr.i=r~:6fr~ft 
m :1J sq :1J ioJ • HFFf-t~:g. :1J ZFs~t8*1 NI~ 
{}f; 0 ~rJ~~:g. :1JFs~a'J7(iHffl{}f; ' ""f371JfJjfil 
f oJ :ff IE tift? 

k .. 

1.F=k ..§_ N=W 

2. F = k _§_ N > W 

3.F>k_§_N<W 

4. F < k ..§_ N = W 

--~IJ 

IV 

8.-~-~ttf*ffl~~~~~$~MzMA$ 0 Mnm-*~lffi·~J:n~~ioJTE 
~~TIP:ifriG O ~IJ~~[l]tt:t£~__tfftti':8;¥Z~Fi, :/JO~~, &:!tPfr·~,Zi~JJnioJ , T 

371JfoJ ~ IE mt? 
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0 
F 

F F 

1 
-v -v _.,.. 

a a=O a=O 

2 3 4 5 

9. ~...t~, ®~j;:18l!Jttzit1:m 0.10 kg , [!JttW~rmzifi•~f*lf{m 0.12 , iil.!ln 
lfe"ficp{.,m 0.20 m O mmM=II:tllltt~ffl'~fffi ' lllt1z,,lt7~$...tp!Uf.:(£"'f~rJ~Jj 
zW-i'fi!llrg? 

I. 0 < v::; 0.5 mis 

2. 0.5 < V::; 1.0 mis 
3. 1.0 < V 5 1.5 mis 

4. 1.5 < V::; 2.0 mis 

5. 2.0 < V::; 2.5 mis 

IO. -fr_ft_ t EET~rJIZY{l~FfloJffl'mrtT O ®~~IZYOO~m.tSJ~.-~ t JfrJte:m*~EEm-mm t 

PJ1~lN*~$~:tif!? 

I. rtm I 

2. rt~ 2 

3. mm 3 

4. m-m 4 

11. tD~/5fr-if , -~:m: 50 kg :(£~ff):@ 0 

>.lil.cfor+, p !~ili R ,~6mn~ ""'"E"l;i!IF- , Q 
J.!5!T.£ I .... n /' ... o.:-::r,'f'TNF.~U::..l&raJif..O 

~i!i1?i;Jt1Ufg~i5 • ~rJ~ft_:(£ Q ftiH~Z~#~ 
.m 

I. 2.5 mis 

2. 7.5 mis 

3. 10.0 mis 

4. 12.5 mis 

5 -1-,-?I;- k.«< rf, z'si-~~ ~ 
· !,l,.....1~11-a::J:I:J 1-:;J- {J:=3 'l'f':11<-

f!:tif!~#~f§loJ 

.-R 
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I. 250 N 

2. 525 N 

3. 7 X 102 N 

4. I.I X 103 N 

13. ffi*im AW B • 1r•~A 1.0kg EEffi 
1'*~~ I W 2 ?'Jffl~ffl:~Z~:ffit& • ~DIii 

P~iG O ~U&"-~TI:1:EPJ 2.0 mis z~$~ 
~_trt-B~~ A ~¥um~ I Zf'Fff.L1JAfPJ? 

I. 2 N 

2. 10 N 

I. 2 N 

2. ION 

3. 12 N 

4. 20N 

3. 12 N 

4.20N 

2 

5. 22 N 

5. 22 N 

403 

15.rliltEelfil~S~ AW B @HIWH&ztttlltJli • ~Ur9UfPJJjAJ]:frfEelfiltf:\~~:(£~fi~li 
a{]i}]~~1t? 

' ' 

' ' :~: 
, , 

l j 

I. 2.5 m/s2 

2. 2.0 m/s 2 

2 

1f 

' ' 

"' 

3 

A 

II - II 
' 

.. .\ B -~ ,B 
B -
3 

4 5 

3. 1.5 m/s2 5. 0.5 m/s2 

4. 1.0 m/s 2 
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18. *A:ffl. 6.o x 102 ct-~, ~-ftta*ffl:~¥tl7\ll O ~ttHn7\flH~, 11H~t.tft-z3fil~ 
:(£ 3.0 tJi'B~Fsipqrn 8.0 mis ~ifil~ 2.0 mis O ~rJ:(£~ifilZ 3 f::PH~Fsipq , fflmttM&Jt!l:t.AJ¥J 

~~wm nmfPJ? 
I. 120 4~ 
2.480 4"iij! 

3.600 4-iiji 

4. 720 4-iiji 

19. -1NIJ••:t£7.l<ZJiliM.~~Z~ffiLt 
iG~~D""f liilPf~r-Zfilfi~nfoJ31i/J O ~ lj­

~~ITT:tJ Ffl=ffl~!IIMJ:~~~13~ · 
~T~lll-~ffl~M~z~t.Jm~~:n 
foJ · ~rJ!IIM31,~~~-1Jf'Fffl • lftJJ,~m 
liil~q:i 1-5 m;-MffiZnfoJ? 

20. ~O-tili! • r,.w[l]ffiE AW B • [!!§ B 8~~ 

:!tm A 8~ 4 fff • r,.w~-~~Jj(~M,-~;z 
~@J: • EB~Jt~tc5fa1B~~¥tl;t§[a]ITT:tJ F 

fl=ffl , t~*'11¥tl*!!M& (finish)· ~rJ¥tl~*!!2i 
*&B~~-[§Jti~1'f~:kITTifmE? 

I. [II~ A 

2. [ljfi: B 

21. :ifcJ:~ , 1]f,-!IJ•~~5H1ii*!'MJR? 
l. [§I~ A 

2. [I]. B 

5. 1200 4"iiji 

finish 

F F 

3. r,.w!IJ§ITTtfJ~!J§~ 
4. B~Dfli{tf:"T Ji~;!@~ 

3. ~ll)fi:[a]B~t~ii 
4. E,jofii1tf:Ts Ji · ~;::@~ 

22. ;,.i(_t~ , frJ@t!,:SffJRB~ , !tl3-!11%Hl-#i~f;:1¥Jt/J ;_? 
I. [II~ A 3. µw[IJ~1=tJtfJ~f§~ 

2 . [fl] ';!l B 



v(m/s) 
);,, 
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5 • - - -,- - - -.- - - .. - - - r- --r- -::.--~--...-------~ 
' I I I I I I I I I I I I 
; t I I I I I I I I I I 

·- - -:-- - -:- - -1- - ' - -r- -~-- · ~---•-- -t- - -~- --:- - - ~ - ,- · -r- - -. 
; : : : : : : : : : : : . : : 

~ :. --_.._ __ --.. ___ .. _ -_ ... _ -., __ -~- --·--_.__ --'- -- _,_ -- .. ---: --~ -- -: •g ; : I : : : : : : : : : : I : : 

"a, t. -_ ... -~-- .. ! ..... ! ... -~ - .. ..! .. -- ~- ... ! ... -~- - .. :. ... .: ...... ! .. - - ~ - ... -- -: 
>~:::::::: :.: : : : I 

! - - .. :.. .... .: .. - -!-- - ~ ....... :. .. --=- -- ~- --!- .... :. ...... :. .... ..: ...... ! .. - -~-- .. :. --! 
, I t t I I I I I I I I I I : : 

: : : : : : : : : : : : : : ,,!,,,,, ,,~ t( ) ,,,, ",, ,,, ,,,,,,,,, ,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,, :::-'., s 
0 5 10 15 

time 
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23. __c~Wilm-~att:rnHJLbilfJ~fjz~J.tf.iafFsi1¥Jtmfflll • ~Ultt~fftE o tYiU 6.o 

t.P1¥Ja;rs,rsilri%pg , ~ZfS~tJo~~~{iiJ? 
1. 3.0 mls2 3. 0.83 mls2 

2. 1.5 mls2 4. 0.67 mls2 

24. lf(__c~ , Jtt~ml:t± o t.P¥u 6.o t.Pl¥Ja~rsiFsip~pg , #~lfJ~Ylle~? 
1. 20.0 m 3. 6.0 m 5. J.,J_tw~l 
2. 8.0 m 4. l.5 m 

1. 3.3 mis 3. 1.8 mis 

2. 3.0 mis 4. 1.3 mis 

26. fIH~k'lliJ, -~~~~~_t, ilft~T 

~~ P !M&ff&z 0 1*~ff-¥ Q ~f&~Ml~ 
ITTJ5ij~ • ilfttf R ~t.fr~~:wl~{1~ 0 k'J!iil 
RJGift(£;f-§roJe;rs9Fsir,~rtJf1~ , ;g:-~~~ 

~.r:Fl.h · T1U*JimfPJrJEEui') 

I. ~:(£ Q IM {JJ@J5ij~{.WJHiflJ)a;1.1o~~Jfi:7': 
2. £t:'tJtJD.\8ft.f:E Q fi:':§rJ R ~bit~Hf c:p~\t)r;,1~1J, 
3. £ttJ: R ~aeyz1Joi£~.m~ 
4. L/J-. =r~*Jim8iEliif 

R-: 
• 
• 

• 

• 

5 \t'(JfJDiift tE Q ~fr) R !ci,Z~l~c:p • 1*t¥JEfi! 
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Appendix Dl: Unit one 

Unit I: pulley 

a. fill in the questionnaires ( 15 min) 

b. explain the intervention teaching (5 min) 

c. organize physics quantity & principles (5 min) 

d. pulley: 4 questions ( 15 min) , monkey in the mirror (5 min), archery (5 min) 

II. Summary: 

1. free force diagram 

2. definition of tension 

3. Newton's 2nd Law 

4. Newton's 3rd Law 

5. Definition of torque 

6. difference between force and torque 

Assignment: 1. complete the quantity & principle (need to read the text) 

2. challenging questions: Stopping distance 

3. record your study time 
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b. 

6. crazy pulley 

2. ~1J.:tc~~it:m:m 30 kg , (a) J!UsfiiilW J:~ffl 
lt~:~9? Cb) ffl'fifaPP-Hl~mr51:tJH:Nf§~? 
(c)511J~H:~9? 

3. ntl~I.A.ft.ffi: 700 4=-~ • ~U (a) ir:t:i°ffi-iil~­
r5it1~Sf§~? Cb >tr:tiffiiil~~-=r-~~~51n 
...tm~H:~o/? 

4. (a) a, b ffiliJi:p • ~ A a~:t.JD~HtH:Nf§~? 
(b) ;s~f§~ · JW.:f~~t.J:m:F!ffl~o/::tfJE{t~ 

I ~o lb III i:p~ A ~1.JD~ffiJ§~? 
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Appendix D2: Unit two 

Unit 2 Driving safety 

I. content 

a. give score of pre-test/respond to the survey in unit 1 (5 min) 

b. complete the outlines & give hand-out (5 min) 

c. stopping distance (5-10 min) 

d. running a yellow light ( 10 min) 

e. turn or stop ( 10 min) 

f. break & anti-break system (5 min) 

II. Summary of physics theories: 

I. linear kinematics 

2. Newton's 2nd Law 

3. frictional force 

4.centripetal force 

5. work & energy conservation 

III. Assignment: 

I . review summary 

2. practice problem solving: prob.3.3l(p.75), Ex 5.5 (p.119), prob. 5.23 (p.137), 

prob. 6.26 (p.162) 

3. IQ challenge problem: friction in drag racing 

• Next topic: sports & stunts 
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yellow light duration t = 2 sec width of the street w = 30 ft 

car speed v = 30 ft/sec (= 32 km/hr) acceleration a=± 10 ft/s2 

3. ~DIIJ • r§J~fi.~li:B"J* rffe.iiJfil£ti.~i • ~~@Ji~{z;* 
~~,t~? fi:iJlH;tornE~~*ii~Jffi? 

Fric:ion in drag racir.q 

Ir. drag race:: there are ,·;::; mea­
s:.ire:-::enrs cf interest: t::e final 
speed and the total e!a;::d time 
en a quarter-mile c::ur:e. To 
l:e!p gain traction, a s.:ick? fluic 
is pcurec ur.der the rea: ·;1hee!s 
tefcre the "gc" light. t:.:: ap­
r:2,er.rly the track's fric::·:n reJI!:; 
a::ec::: only the e!ape-: ,:me ar.c 
/:a:; little influence er: t!:e final 
s_:::eec:. Why? 
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Appendix D3: Unit three 

Unit 3: Sports & Stunts 

I. Content 

a. Timing sand (Demo) (IO min) 

b. Runner, swimmer/ in court /rubber bullet (20 min) 

c. Sledge (OHP) (15 min) 

d. Reading "The first Taiwanese satellite" & raising the questions (group discussion) 

(10 min) 

II. Summary of physics theories: 

I. collision, elastic & inelastic 

2. momentum conservation/ energy loss 

3. Newton's 2nd law (relation of force & impulse) 

4. Newton's 3rd Law 

• Next topic: Satellites 
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\ I 

) 

2. li0 frB'j:ffi~tf~_tJf ~* , filili¥1J-~w:tc , ~[@3i< 

ili~t:tcrJT~~ti~JJ ~~::/!? 

3. -Jf~fil~=f-~filti5-~t¥cp , ~=f-M"Ji~!fili[E]1'&~B1i!J 
.m.~~;HJ~? i!J~E~~t§;;:? 
~~-~~~w~~cp~*·~~tJJ.m.~~ffl~?tJJ 
~E~~t§~? 

.-·-- ~ 



Appendix D: Teaching content design of the intervention program 412 

Appendix D4: Unit four 

Unit 4 Leave the Earth: Satellite 

a. Launching position (presentation during the break) (5 min) 

b. Geo-stationary (communication)/ Polar satellite (spy, forecast) (10 min) 

c. spy satellite over Moscow (5 min) 

d. Calculation of speed, period vs. different distances/ Fg of shuttle (weightless) (15 

min) 

f. *escaping speed, gravitation assist, voyager ( 10 min) 

• Summary of physics theories: 

1. kinematics of circular motion 

2. Newton's Universal Law of Gravity 

3.energy conservation /gravitational potential energy 

4. Kepler's Law 

• Assignment: 

1. review summary 

2. Problem-solving: Ex. 11.11 ( P.327), Ex 11.13 (P. 327) 

3. IQ challenge problem: 
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I. Launching location ~ij;;JJIE!lil¥J~m 

2. Satellite: A.~ir £ 

Geostationary ~ Af5-li £ 

Polar (ffi:it~"ifli£) 

3. ~t~ (a) ~&f$r£a9~Jt '(b) ~Jt~ 800km a9 polar satellite a9~W3 '(c)~ 

&flr£Z~1J~t§(Me= 6 X 1024kg 'Re= 6380 Km' G = 6.67 X 10-11 Nm2/kg2) 

5. ~~~ZfiJ'HT18-¥(rotational speed)? Jfft~fE~-¥ (escape speed)? 



' 
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' 

- - --/ ' 

/ 

" \ 
\ 

I 

/ 

' / -- .,,. 

~B~!b 

1. A~ir£~~~~.§.:t.Jl¥J~W , ~*~~~w1rr~ 
,J, , ~Ult-~$~ 
a.) ~ifr~1Ja ' b.) ~ifi~!J\ t c.)~~ 

2. ~At~B1U1fi1'd~:&E~mfi (~lb 
:t.J&J*~) t '&tll.~*fi~~~,j,~lj 
;!t.~$~ a.) ~wJr~1JO • b.) ~ 
~~,j\ , c.)~~ 

3. ~:a:~..t.1ttE'1l¥J1* ~f/ijr~~~m~u~z.~$~ 
a.) ~~ttf1JD • b.) ~wfr~1J, c.)~~ 

(§t±:th Ill) 

1. [l]mJ~;JJ (circularrnotion/Newton'ssecondlaw)p.67-69,p.115-122 

2. Jffi:/W~$ (escapespeed)p.316-318 
3. gg:§:~f$j£~ib (energy conservation in planetary & satellite motion) p. 313-316 

4. jJ[i (free-body diagram) p.94-96 
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