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There is widespread agreement that science learning always builds upon students’ 
existing ideas and that science teachers should possess knowledge of learners. This 
study aims at investigating pre-service science teachers’ knowledge of student 
misconceptions and difficulties, a crucial component of PCK, on Newton’s Third Law. A 
questionnaire was designed and conducted to 143 pre-service science teachers enrolled 
in a normal university in China. A comparison between participants’ predictions and 
student actual outcomes was detected. The result revealed a tendency for pre-service 
science teachers to under-predict the problem-solving ability of senior high school 
students. Furthermore, most pre-service science teachers neglected two common 
learning difficulties in Newton’s Third Law. It seems that there is a need to help pre-
service science teachers be aware of their own misunderstandings about students.    

Keywords: pre-service teachers, knowledge of students, newton’s third law, student 
difficulties  

INTRODUCTION  

There is widespread agreement that science learning always builds upon 
students’ existing ideas and that science teachers should possess knowledge of 
learners, e.g., student learning difficulties, to facilitate student learning (Shulman, 
1986). Thus, much effort has been made to probe and enhance pre-service science 
teachers’ understanding of student difficulties, as shown in previous researches  
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concerning teachers’ Pedagogical Content 
Knowledge (PCK) (Shulman, 1986; Grossman, 1990; 
Park & Oliver, 2008; Even & Tirosh, 1995; Erbas, 
2004; Hill, Ball & Schilling, 2008; Schmelzing et al., 
2013; Manizade & Mason, 2011; Depaepe, 
Verschaffel & Kelchtermans, 2013).  

Knowledge of students, as introduced by 
Shulman (Shulman, 1986), is “an understanding of 
what makes the learning of specific topics easy or 
difficult: the conceptions and preconceptions that 
students of different ages and background bring 
with them to the learning of those most frequently 
taught topics and lessons” (p. 9).  Several analogue 
concepts in the later studies are: knowledge of 
students’ understanding (Grossman, 1990; Park & 
Oliver, 2008), knowledge about students (Even & 
Tirosh, 1995), knowledge of student thinking 
(Erbas, 2004), knowledge of content and students 
(KCS) (Hill, Ball & Schilling, 2008), and student 
learning and conceptions (Schmelzing et al., 2013). 
In particular, knowledge of student learning 
difficulties has been broadly identified as a crucial 
part of PCK that deserves in-depth researches 
(Manizade & Mason, 2011; Depaepe, Verschaffel & 
Kelchtermans, 2013). 

LITERATURE REVIEW 

Pre-service science teachers’ knowledge of 
student learning difficulties  

Researches on teachers’ PCK for different 
science topics have suggested that pre-service 
science teachers show little consideration for 
students and have poor knowledge of students’ 
learning difficulties. For example, only a small 
number of prospective secondary chemistry 
teachers would concern about student learning or 
difficulty when preparing lessons (De Jong, 2000; 
De Jong & van Driel, 2001). Also, trainee secondary 
physics teachers have been reported to underestimate student learning difficulties 
or be not able to identify students’ misconceptions in physics (Halim & Meerah, 
2002). Likewise, novice science teachers are unaware of student prior knowledge 
and its role in instruction to effectively implement constructivist teaching practices 
(Meyer, 2004).        

Science teacher educators have sought to raise pre-service science teachers’ 
concern about students thinking and to assist them in learning about students 
through teaching practices, as shown in a number of studies concentrating on pre-
service teachers’ PCK development (Halim, Meerah & Buang, 2010; Heller et al., 
2012; Hanuscin, 2013). These researches have demonstrated the effectiveness of 
several tools in deepening science teachers’ knowledge of student difficulties, such 
as reflection on teaching practice, group discussion or analysis of student conceptual 
understanding and students’ work. These may benefit in-service science teachers in 
the long run as they might make conscious effort to expand their understanding of 
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students during their years of service. However, pre-service science teachers’ could 
only gain a handful of knowledge of students during the preparation programs 
because they have not many opportunities to teach. 

We notice that well-specified descriptions are needed on the discrepancy 
between pre-service science teachers’ understanding of student learning difficulties 
in specific science topics and student actual ideas. However, there are few similar 
attempts in science domain.  

Large-scale studies based on paper-and-pencil instruments for PCK 

In order to detect a common trend, that is, the pre-service teachers’ common 
thinking about students in certain science topic, a special and demanding 
measurement technique is required. Researchers and teacher educators have 
developed multimodal approaches to evaluate teachers’ PCK. Various techniques to 
PCK often include multiple-choice questions, concept mapping, structured/semi-
structured interviews, stimulated recall interviews, pictorial representations, and 
(video-)observations (Schmelzing et al., 2013; Hill et al., 2007; Mulhall, Berry & 
Loughran, 2003; Loughran et al., 2001; Piburn et al. 2000; Park et al., 2011; 
Demirdogen,  Aydin, & Tarkin, 2015). These methods have provided fruitful outcomes 
of pre-service and in-service teachers’ PCK. However, as Kagan (1990) noted, the 
challenge was to develop, administrate and analyze these pedagogical content 
knowledge methodologies. For instant, concept mapping needs the interpretation of 
involved coding systems. In the interview, participants may not possess the 
language to express their thoughts and its process generates lengthy transcripts to 
be analyzed. Observational data could not be exclusively relied on, as a small part of 
the participants’ accumulated store of examples may be embedded in a particular 
teaching episode. Furthermore, most of these approaches are time-consuming and 
labor-intensive for both data collection and analyses (Schmelzing et al., 2013). This 
limitation results in a small group of participants in a study. Therefore, paper-and-
pencil test would be an indicator-oriented method to assess teacher’ PCK in large-
scale studies.  

There are only a few large-scale studies via paper-and-pencil tests available 
(Even & Tirosh, 1995; Schmelzing et al., 2013; Rowan et al., 2001), especially in the 
field of physics (Etkina, 2010). To gain an insight into the methodology of paper-
and-pencil questionnaire, related studies were classified into two groups and 
specifically reviewed as follows. 

Earlier attempts to examine PCK (knowledge of students’ learning difficulties as a 
crucial part) with paper-and-pencil instruments were made in field of mathematics 
(Even & Tirosh, 1995; Hill, Ball & Schilling, 2008; Etkina, 2010; Stacey et al., 2001; 
Isiksal & Cakiroglu, 2011). The tests consisted of subject-matter problems and open-
ended questions about students or teaching strategies. The open-ended questions 
often involved what misconceptions students might possess, why students had such 
confusion when solving particular problems, or further questions about how to help 
students overcome these difficulties (Even & Tirosh, 1995; Stacey et al., 2001). 
Similar methodology has been used recently in the fields of science (Etkina, 2010) as 
well as mathematics (Isiksal & Cakiroglu, 2011).  

Instead of simply presenting problems, several researchers developed more 
complex questionnaire items by means of constructing scenarios. Some set up 
classroom scenarios. The exploratory study conducted by Rowan et al. (Rowan et al., 
2001) measured knowledge of student thinking reliably using classroom scenarios 
and four-point Likert items. Schmelzing et al. (Schmelzing et al., 2013) developed 15 
open-ended items with scenarios of teaching biology. The items asked participants 
to list students’ preconceptions and misconceptions, which would be justified as 
valid if they might be in accord with the findings of the video-observations and 
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interview studies with students and teachers or if they might be backed up by 
literature.   

Some exploited problem-solving scenarios. Nathan and Petrosino (Nathan & 
Petrosino, 2003) designed a ranking task and the accuracy of participants’ 
predictions was determined by comparing the predictions with students’ actual 
performances. Hill et al. (Hill, Ball & Schilling, 2008) focused on explanations or 
diagnosis of students’ errors and interpretations of students’ productions. Manizade 
and Mason (Manizade & Mason, 2011) also created a test using the item with a 
geometry problem, hypothetical student solutions, and a series of open-ended 
questions. 

According to the review above, the ability to predict students’ ideas or 
performances is commonly seen as an indicator to measure teachers’ knowledge of 
students’ difficulties and misconceptions. In another study, this competency is also 
recognized as a key difference between novice science teachers and expert science 
teachers (Meyer, 2004). These indicated a need to concentrate on teachers’ 
predictions of students.  

The present study 

Most previous researchers tried to expand pre-service teachers’ understanding of 
students through teaching practices, whereas pre-service teachers always did not 
have many opportunities to teach. We noticed that well-specified descriptions of 
pre-service teachers’ misunderstanding about students could help to modify their 
thinking about students efficiently through preparation courses. Furthermore, in 
order to detect a common trend, large-scale studies via paper-and-pencil would be 
more suitable. However, there are few similar attempts in science education field. 

Taken all above into account, the present study aims to find out pre-service 
science teachers’ fallacy of student misconceptions and difficulties. We chose to 
focus on Newton’s Third Law (NTL), not only because of its common existence of 
student difficulties in this topic, but also because we could compare our measure of 
pre-service teacher data with student performance data, as reported by Zhou et al. 
(Zhou, Zhang, & Xiao, 2014). Our previous study (Zhou, Zhang, & Xiao, 2014) had 
addressed junior secondary school and senior high school students’ general 
difficulties in NTL, especially in gravity interaction contexts. The present study is the 
extension of our previous research.      

This study addresses the following questions: for junior secondary school and 
senior high school students, do pre-service science teachers correctly predict (a) 
student problem-solving ability, (b) the misconceptions students are more likely to 
have, and (c) student learning difficulties. 

METHODS 

Sample 

All participants (N=143) were pre-service science teachers (major in physics) 
who enrolled in a normal university in China. The data for this study were collected 
at the end of 2012-13 academic year. All participants had taken all their physics 
courses, such as Mechanics, Electricity and Magnetism, Optics, Thermodynamics, 
and Quantum Physics during their second year. Almost all participants had finished 
teacher education programs related to physics teaching and learning, include theory 
study, i.e. Curriculum and Instruction Course, and pedagogical training, i.e. 
Microteaching. 
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Instrument 

A paper-and-pencil questionnaire comprised of three items within a problem-
solving scenario was designed. The questionnaire stem provided context 
information about two imaginary learning groups (of a certain grade belonging to a 
school at a certain level), the topic of action and reaction (i.e. NTL), the learning 
status of students, and the problem related to NTL. Participants were asked to 
predict the percentage of each group that chose each option in the problem 
presented. Besides, they were required to analyze student learning difficulties 
according to their prediction (See Figure 1). 

 Three problems related to NTL were selected from the instrument in our 
previous study [22]. That instrument was given to students at different grade levels 
to investigate their actual misconceptions and difficulties in NTL. The description 
about the selected problems is shown in Table 1.  

Data analysis 

We would like to compare the differences between the percentage predicted by 
pre-service teachers and the actual percentage of students who choose an option. 
We considered this kind of differences as prediction error. Using a standard that 
does not expect an exact match, we set up our own criteria: Predictions would be 
considered unacceptable if the prediction error is more than 20%. We reason that a 
qualified teacher should not overlook students’ learning difficulties or 
misconceptions more than 20% of the class. By this criteria, we determine 
predictions as acceptable (-20%≤ prediction error ≤ 20%), over-predicted 
(prediction error > 20%) or under-predicted (prediction error < -20%). In 
particular, the prediction error of each option is defined: 

Predition error=Ptea - Pstu     (*) 
Ptea : percentage predicted by pre-service teachers of students choosing certain 

option  
Pstu : actual percentage of students choosing certain option  
To compare pre-service teachers’ responses and student actual performance, we 

Imagine two classes belonging to a middle-level school, one in the 8th grade and the other in the 10th grade. 

Students in both classes have just learned the knowledge of action and reaction.  

Please predict the percentage of each class that chose each option in the problem: What is the 

reaction force of the gravitational force acting on the ceiling lamp (see Fig. a)? 

Options 
Percentage of each class  

 
Fig. a. A ceiling lamp 

suspended from a string  

Grade 8 Grade 10 

a. The attraction of the lamp on the 
earth 

  

b. The pull of the string on the lamp   

c. Other incorrect responses   

According to your prediction, please analyze the difficulties students may have in this problem. 

Figure 1. Item sample for measuring pre-service science teachers’ knowledge of student learning 
difficulties 

 

Table 1. Description about three items in the questionnaire  

Item Problem contexts Number of objects Situations 
1 A ceiling lamp suspended from a string 2 (ceiling lamp-string) Gravity associated 

interaction 2 A floating wood pressed by hand 3 (wood-water-hand) 

3 A collision between a small and a big car, 
the other collision between two identical cars 

2 (car-car) 
Non-gravity associated 
interaction 
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firstly calculated the percentage of each option chosen by students. Secondly, we got 
each pre-service teacher’s prediction error using formula (*). Thirdly, we obtained 
the proportion of acceptable prediction (-20%≤ prediction error ≤ 20%), over-
prediction (prediction error > 20%) or under-prediction (prediction error < -20%), 
and also the frequency distribution describing pre-service teachers’ prediction 
trend. 

For clearer analysis, the data were divided into two categories as follows: (a) the 
percentage of correct responses, which indicated student problem-solving ability, 
and (b) the percentage of students choosing each incorrect option, which implied 
the likely misconceptions.  

An open-ended question was set to ask pre-service teachers to give explanations 
for student learning difficulties in each problem and in-depth interviews were 
conducted to learn more about pre-service teachers’ knowledge about students’ 
learning difficulties. 

FINDINGS 

Pre-service teachers’ predictions of student performance on problem-
solving  

Insight into the contrast between pre-service teachers’ predictions and student 
data in each problem was gained by looking into the frequency distributions of 
predictions of each problem. Each pre-service science teacher’s prediction of the 
three problems was determined as acceptable (-20% ≤ prediction error ≤ 20%), 
over-predicted (prediction error > 20%) or under-predicted (prediction error < -
20%). 

A.  Predictions of student problem-solving ability    

Figure 2 shows frequency distributions of predictions concerning correct 
responses, which indicate pre-service teacher’s predictions about student problem-
solving ability of NTL.   

Pre-service science teachers tended to over-predict 8th grade student problem-
solving ability of NTL in all the problems. Almost no 8th grade students’ 
performances were over-predicted. Most pre-service science teachers failed to 
realize that identifying the reaction of the gravitational force was of great difficult 
for 8th grade students. Specifically, 56.4% of pre-service science teachers 
considered that 8th grade students possessed problem-solving ability in the 
situation of item 1 situated in gravity interaction context.  

 

Figure 2. Frequency distributions of predictions concerning correct responses to each problem 
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10th grade students’ performances were commonly under-predicted by pre-
service science teachers in all the problems (Fig. 2), 40.7%, 52.2%, and 65.0% for 
item 1, item 2 and item 3 separately. The greatest contrast lied in item 2 situated in 
gravity interaction context. Student performance in solving item 2 was under-
predicted by most pre-service science teachers while only a handful of predictions 
(24.8%) were within acceptable range.  

B.  Predictions of misconceptions 

Frequency distributions of predictions concerning incorrect options were also 
examined and three particular options were incorrectly predicted by the majority of 
pre-service teachers: option B on item 1, option D on item 2 and option C on item 3. 

For the problems situated in gravity associated interactions (See Figure 3), 
option B on item 1 and option D on item 2 were incorrectly predicted by most pre-
service teachers. Specifically, in the problem context of item 1 (Fig.3(a)), option B 
stated that the pull of the string on the lamp was the reaction force of the 
gravitational force acting on the ceiling lamp. In the context of item 2 (Fig.3(b)) , 
option D indicated that the vector sum of the gravitational force acting on the wood 
and the tension force from the hand to the wood was the reaction force of the 
buoyant force on the wood. These two options revealed the misconception that 
“action and reaction forces are a pair of forces that balanced each other”. For the 
problem situated in non-gravity associated interaction, option C on item 3 revealed 
the misconception that “the larger the effect of a force, the larger the magnitude of a 
force”. 

Distributions that indicate pre-service science teachers’ incorrect predictions of 
student misconceptions are presented in Figure 4. 

 

 

(a) A ceiling lamp suspended from a string (b) A floating wood pressed by hand 

Figure 3. Problems situated in gravity associated interaction 

 

Figure 4. Frequency distributions of predictions concerning particular incorrect responses 
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For predictions about the 8th grade students, pre-service teachers showed 
consistent prediction error in both gravity and non-gravity associated interactions. 
About 60% of predictions of each option were under-predictions and nearly 0% of 
predictions were over-predictions. It indicated that the majority of pre-service 
teachers failed to realize that the 8th grade students would commonly regard action 
and reaction forces as a pair of forces that balanced each other. Pre-service teachers 
also under-predicted the common existence of student misunderstanding that “the 
larger the effect of a force, the larger the magnitude of a force”.  

While for predictions about the 10th grade students, half of the predictions of 
either option were unacceptable, among which there were a number of over-
predictions and under-predictions. As shown by our previous research (Zhou, 
Zhang, & Xiao, 2014), the main misconception of the 10th grade students was that 
“action and reaction forces are a pair of forces that balanced each other”, which was 
revealed in problems situated in gravity associated interactions. But quite a number 
of pre-service teachers (51% of item 1 and 58% of item 2) might overlook or 
overemphasize this misunderstanding among the 10th grade students. 

Pre-service teachers’ analysis of student learning difficulties 

To deeply probe pre-service science teachers’ understandings about student 
difficulties, an open-ended question was set to ask pre-service teachers to give 
explanations for student difficulties in each problem. Furthermore, 40 pre-service 
science teachers were asked to generate some teaching strategies to help students 
overcome the difficulties in the later interview.  

For the analysis of the open-ended question, pre-service science teachers’ 
responses were classified into five different categories, according to the accuracy 
and logicality of the answers: 1. Pre-service teachers realized that students might 
not comprehend the concept of the action and reaction forces, but without 
specifying and explaining what it was; 2. pre-service teachers considered that 
students were confused with interaction forces and balanced forces, however, the 
responses did not drill down into more details about where the confusion lied; 3. 
pre-service teachers thought that students solved problems based on the daily 
experience rather than the law of action and reaction forces; 4. pre-service teachers 
suggested that  students might make incorrect answers, because they did not 
construct appropriate free-body diagrams of forces; 5. pre-service teachers argued 
that students might make a conclusion that interaction forces were related to the 
weight of the objects or the friction of the ground; 6. other unrelated responses. 
Regarding to the analysis of the interviews, our purpose was to learn whether pre-
service science teachers could put forward specific and feasible instructional 
strategies on students’ misconceptions of interaction forces. Therefore, each 
strategy in the interviews was labeled as valid or invalid strategy. For instance, 
“provide conditions for students to distinguish the body exerting a force and the 
body acted on by this force” was identified as a valid strategy. While, “students could 
make sense by doing more exercises and thinking it over again and again” was 
considered as an invalid strategy. 

A common learning difficulty was to distinguish interaction forces and balanced 
forces in gravity associated interaction situations (Zhou, Zhang, & Xiao, 2014). Only 
a few pre-service teachers were able to find out student learning difficulties on NTL 
concerning gravity interactions. Take item 2 as an example, only 29.3% pre-service 
teachers gave satisfactory explanations of student difficulties. Among them, some 
(14.2%) stated that “student difficulty in recognizing action and reaction forces was 
that they confused ‘interaction forces’ with ‘balanced forces’ ”. More explicitly, some 
(15.1%) pointed out that “students always forgot the essential element of NTL that 
‘action and reaction forces act on two interacting bodies, but not a single body’ ”. 
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Most pre-service teachers who gave the answers above could generate effective 
teaching strategies in the later interview. For example, “provide conditions for 
students to distinguish the body exerting a force and the body acted on by this 
force”; or “ask students to compare the concept of Balanced Forces with another 
concept of Action and Reaction Forces”; or “make some examples, e.g., a horse 
pulling a cart, to help students make sense of action and reaction forces, especially 
the key point about a third-law force pair acting on two interacting bodies”. 

More pre-service teachers (32.1%) simply pointed out that students did not 
grasp NTL, without further analysis of how students might misunderstand the law, 
such as, “students are not good at NTL”, or “students have a week understanding of 
the NTL”, or “students lacks of the awareness of NTL”, and so on.  In the later 
interview, some of these pre-service teachers always thought that “students could 
make sense by doing more exercises and thinking it over again and again”. Such 
teaching strategies were inefficient. There were other invalid teaching strategies, 
e.g., “teachers are required to clearly point out the object, and show free-body 
diagrams of the forces to students” and “teachers should train students to learn the 
scenario and create the physics model”. Those strategies were not targeted with the 
scenario in the given problem. Nevertheless, a large proportion of pre-service 
teachers (35.7%) gave unrelated answers. For instance, “students are not smart 
enough”, “students do not learn seriously”, “students are not strong with abstract 
thought”, “students are poor in cognition”, and “students have weak content 
knowledge”.  

For the problem in non-gravity associated interaction situation, a larger 
proportion of pre-service teachers (36.2%) could find that it was difficult for 
students to distinguish the magnitude of force and the effect of force. As pre-service 
teachers pointed out, students might think “the larger the effect of a force, the larger 
the magnitude of a force”, or “objects have different magnitudes of the forces 
because of the different effects of the force”, or “when the cars have different extents 
of the damage, they have different magnitudes of the forces”. However, the data 
were also frustrating as the majority of pre-service teachers did not know it. Most 
pre-service teachers (40.4%) also simply pointed out that students did not 
thoroughly understand NTL. Some (5.3%) considered analyzing forces as the main 
difficulty. One pre-service science teacher stated that “students have learning 
difficulty as they could not construct the free-body diagrams according to the 
Newton’s First Law”. The rest of pre-service teachers (18.1%) gave unrelated 
answers. 

DISCUSSIONS 

Our results presented a noticeable contrast between pre-service science 
teachers’ predictions and student actual performance, in line with some research 
findings in other contexts (Nathan & Petrosino, 2003).            

Potentially, the most worrying result occurred in pre-service teacher’s obvious 
trend of under-predictions about 10th graders’ problem-solving ability of NTL. It 
indicated a tendency for pre-service science teachers to be pessimistic about 10th 
grade students’ problem-solving ability. Teachers’ under-evaluations of student 
ability might lead to inappropriate teaching objectives. Pre-service science teachers 
should raise their expectations of senior high school student ability.  

The present study raised the issue of pre-service science teachers’ blind spots 
about students. Two common student misconceptions were “the larger the effect of 
a force, the larger the magnitude of a force” and “the larger the effect of a force, the 
larger the magnitude of a force” in NTL concerning gravity and non-gravity 
associated interactions. However, the existence of these two misconceptions was 
neglected by most pre-service science teachers. Our findings support previous 
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studies where teachers are found to have unawareness of students’ misconceptions 
which they have learned (Berg & Brouwer, 1991; Hashweh, 1987). More explicitly, 
as another research reported, pre-service teachers tended to make incorrect 
judgments about students’ likely misconceptions (Halim & Meerah, 2002). It seems 
that there is a need to help pre-service science teachers be aware of their own 
misunderstandings about students.  

More importance should be attached to the information about student learning 
difficulties. In this study, the majority of pre-service science teachers knew little 
about student learning difficulties in NTL, given that their analyses of student 
learning difficulties were vague or unrelated. We also found in the later interview 
that those who could gIve explicit explanations of student learning difficulties in 
NTL were more likely to generate effective teaching strategies. While, those who are 
unaware of students’ likely learning difficulties provided invalid strategies to 
enhance student learning. It may be deduced that pre-service teachers’ knowledge 
of student learning difficulties may contribute to their teaching ability to some 
extent. It suggests that development of PCK is crucial for pre-service science 
teachers. Teacher training program needs to expose pre-service science teachers to 
student misconceptions with some special topics. In the view of some researchers, 
the value of PCK lies essentially in its relation with specific topics (Sperandeo-Mineo, 
Fazio, & Tarantino, 2006). Pre-service science teachers are encouraged to express 
their ideas about student learning difficulties on particular topics from a teaching 
perspective. For instance, pre-service science teachers are required to provide 
instructional design with teaching strategies on a certain topic. From the 
instructional design, it can be learned whether they could identify students’ likely 
misconceptions on the topic and provide valid strategies. Then, forward 
amendments about pre-service science teachers’ knowledge of student learning 
difficulties should be put by expert teachers. As pointed out in the previous 
researches, teachers need to be made aware of the teaching strategies that cope with 
student learning difficulties (Berg & Brouwer, 1991) and instructional strategies to 
overcome student learning difficulties could significantly add to the evolution of pre-
service science teachers’ PCK (Shulman, 1986 ; Halim & Meerah, 2002; Driel et al. 
1998; Demirdogen,  Aydin, & Tarkin, 2015). 

CONCLUSIONS AND IMPLICATIONS 

In this study, pre-service science teachers’ predictions about student 
performance on problem-solving and learning difficulties did not always correspond 
with students’ outcomes. First, pre-service science teacher underestimated the 
problem-solving ability of senior high school students. Second, most pre-service 
science teachers failed to recognize two misconceptions that were extensively 
common among junior secondary school students: the misconception that “action 
and reaction forces are a pair of forces that balanced each other” in the gravity 
associate interactions, and that “the larger the effect of a force, the larger the 
magnitude of a force” in the non-gravity associate interactions. As for senior high 
school students, pre-service science teachers falsely estimated (either over- or 
under-predicted) student misconceptions in the gravity associated interactions. 
Third, the majority of pre-service science teachers were not able to accurately spot 
student learning difficulties: distinguishing interaction forces and balanced forces in 
gravity associated interaction situations, and discriminating between the magnitude 
of a force and the effect of a force in the non-gravity associated interaction situation.  

This study also holds implications for future researches about pre-service science 
teachers’ knowledge of student difficulties: (a) pre-service teachers’ erroneous 
expectations of student misconceptions in diverse science topics, (b) the fallacy of 
pre-service teachers’ reasoning about student difficulties, such as what makes it 
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difficult for students in different grades, and (c) the effects of varied teaching 
strategies on improving or rectifying pre-service science teachers’ understanding of 
students in these topics. Such researches are anticipated to contribute to enhancing 
pre-service teachers’ preparation for teaching science.    
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