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Abstract  This study aims to obtain information about 
the modelling situations related to the topic by performing 
concentration analysis of teacher candidates’ responses to 
Force Concept Inventory (FCI). The research was 
conducted using survey model, which is a quantitative 
research method. The study was carried out in the fall 
semester of the academic year 2015–2016 among 95 
freshman teacher candidates enrolled in the Science 
Education Program of the Faculty of Education at a 
university in the Western Black Sea region. The data 
collection tool employed was FCI. In this context, 
concentration score, concentration factor and concentration 
deviation formulas were used. In light of the results 
obtained, it was determined that the responses of teacher 
candidates correspond to the null model, meaning that it is 
a result of a random reaction. It was suggested that this 
method of analysis could be used to develop more effective 
multiple-choice tests and comprehensively assess the 
learning situation of a class in depth. 

Keywords  Concentration Factor, Force, Force 
Concept Inventory 

1. Introduction
At the undergraduate level, nearly all students in 

programmes related to science take introductory physics 
courses during their first year. They begin the introductory 
physics course with the accumulation of knowledge 
consisting of individual experiences and the acquisition of 
science, based on the physics courses taken in the previous 
years. In terms of content, introductory physics generally 
reflects the simplified and reduced form of physics subjects. 
The students of the introductory physics course are 
expected to generate solutions and make decisions based 
on fundamental knowledge of physics when faced with 
problems pertaining to society such as social and economic 
matters. Nevertheless, it is reported that some students 

experience difficulty, especially conceptual learning 
problems, while learning physics [1, 2, 3, 4]. To find the 
unknown values in the questions, students apply the 
formulas and equations they remember and upon failing to 
solve the problem, they just proceed to the next formula 
and equation that they can remember without even thinking 
about the cause of the failure [1]. According to another 
study, the students in introductory physics courses stated 
that they understand the topics in the class but fail when it 
comes to solving problems [5]. This is one of the issues, for 
which scientists should inquire about the underlying 
reasons. Many studies refer to the concept of force, and it is 
possible to categories these studies into four types [6]: (i) 
students’ understanding of the concept of force, (ii) 
students’ level of understanding the concept of force, (iii) 
alternative approaches to teaching and learning, and (iv) 
studies focusing on teaching specific types of force. 

The efforts to understand students’ alternative ideas and 
the difficulties in learning topics and concepts related to 
physics generally involve the analysis of how students 
think about these topics and concepts [7]. Such analyses are 
of course indispensable for helping teachers learn about 
learners, make assessments and design the course. To this 
effect, there are numerous studies in the literature [8, 9, 10 
11, 12, 13, 14, 15]. However, evaluating how students 
think about physics only by the success or number of 
correct answers in comprehension tests falls short in 
obtaining detailed information about the learner (Kim and 
Pak, 2002). Researchers also gravitate towards qualitative 
studies to get more detailed information. For instance, [16] 
used phenomenological research pattern, which is a 
qualitative research pattern, to qualitatively determine 
physics and science teacher candidates’ misconceptions 
about ‘centre of mass’ and ‘centre of gravity’. To this end, 
they applied open-ended conceptual comprehension tests 
and semi-structured interviews. As a result of the analysis, 
they identified various misconceptions such as ‘centre of 
gravity and centre of mass are the same’, ‘centre of gravity 
is the mid-point of the object’, ‘mass and weight are 
different, thus, centre of mass and centre of gravity are also 
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different’ and ‘centre of mass does not change but centre of 
gravity changes’. In this context, it is observed that their 
study explains the ‘the number of misconceptions that they 
have’ instead of ‘what these misconceptions are’. However, 
it should be noted that in such research studies, data 
collection and analysis entail a lengthy and arduous process. 
This situation necessitates the use of more practical data 
collection and analysis methods to enable extracting 
thoughts out of participants’ minds. 

Force Concept Inventory (FCI) is a validated diagnostic 
test frequently used by scientists/educators who study 
Newtonian mechanics [17]. Diagnostic tests usually 
consist of multiple-choice questions with one correct 
answer and three or four alternatives to assess students’ 
comprehension based only on the given choices. [18] used 
the FCI test in introductory physics labs for assessing the 
development of university students’ scientific processing 
skills and their conceptual success in mechanical issues to 
compare the effects of a laboratory approach based on 7E 
model and validation laboratory approach. [19] used FCI to 
determine the misconceptions of science and technology 
teacher candidates related to force and motion; to eliminate 
these misconceptions by using research-based laboratory 
and confirmatory laboratory methods; to determine 
epistemological beliefs before and after implementation 
and to determine the relationship between success and 
misconceptions with epistemological beliefs. FCI has been 
used not only for laboratory approaches but also to evaluate 
the effectiveness of physics courses. For instance, [20] 
utilised FCI to investigate the impact of a physics course on 
freshman students’ conception of fundamental Newtonian 
mechanics. This test is applied as an evaluation tool before 
or after each topic taught at every level in physics/science 
education not only in Turkey but also in many other 
countries in high schools as well as universities [21, 22, 
23]. 

FCI is used to evaluate students’ understanding and 
perception of physics as well as investigating the efficiency 
of teaching, and it provides very useful results [24]. This 
test was used by [24] not only to analyse the number of 
correct answers given but also to obtain useful information 
on student models that form these answers by considering 
all student responses and studying the relationship between 
various questions. Bao developed an analysis to enable 
quantitative evaluation of possible student models and 
allowed to obtain detailed information on multiple-choice 
questions. 

The present study makes use of concentration factor, 
which comprises the first part of the analysis developed by 
[24]. Rather than being a measurement of performance 
generally on correct answers, which is a characteristic of 
multiple-choice questions, a concentration factor is a 
statistical approach that gives information about how 
student answers are distributed/ disseminated. For example, 
it gives information about how students who answer the 
same question concentrate on a particular choice or the 

distribution of the answers among different choices due to 
random decisions. Therefore, it also becomes possible to 
classify students modelling situations related to the concept. 
What is meant by modeling situation is that the analysis 
indicates the degree of relative importance of the models of 
students’ responses in a given class. A study conducted by 
[25] shows how to analyse a multiple-choice test using all 
the questions and inaccurate answers via concentration 
analysis. For this study, the data obtained by applying FCI 
to 778 engineering students enrolled in 14 different classes 
at Maryland University are investigated. In addition, the 
study argued how to use concentration analysis to design 
and develop a research-based multiple-question test. In this 
sense, it was emphasised that the concentration analysis is 
much more comprehensive and informative than the 
traditional analysis methods because, besides the 
distribution of all answers, the analysis also gives the 
distribution of wrong answers. This information provides a 
significant clue to teachers regarding course design, course 
evaluation and measurement of pre- and post-course 
student performance. Moreover, this feature will allow 
examining students’ previous knowledge levels which is 
crucial in improving their learning of scientific 
understanding, and it will help in determining how learners 
model this information in their minds. Thus, we believe 
that studies towards categorising FCI concepts are 
important for helping students learn physics and use this 
information in daily-life problem-solving.  

Aim of the Study 

The aim of this study is to obtain information about 
modelling situations related to the topic by performing 
concentration analysis of the teacher candidates’ responses 
to Force Concept Inventory. For this purpose, the study 
seeks answers to the following questions: 
1. Which model includes the response scores of teacher 

candidates to Force Concept Inventory and the 
concentration factor? 

2. Which model includes the response scores of teacher 
candidates to Force Concept Inventory and the 
concentration deviation? 

2. Materials and Methods 

2.1. Model of the Study 

The research was carried out according to survey model, 
which is a quantitative research method. This modelling 
approach tries to make sense of the event, individual or 
object under investigation as it is in its own state [26, 27]. 
The main goal of survey research is to describe the 
existing situation [28]. Thus, this type of study endeavors 
to answer ‘What?’ question. The present study was 
conducted in accordance with survey model as it was 
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aimed at determining the teacher candidates’ 
understanding of force. 

2.2. Participants 

The study was carried out in the Fall semester of the 
academic year 2015–2016 with participation from 95 
teacher candidates who were first-year students in the 
Science Education Program at a university in the Western 
Black Sea region of Turkey.  

2.3. Data Collection Tool 

In this study, FCI was used to determine the science 
teacher candidates’ understanding of force. Known as 
Force Concept Inventory or FCI, this test was developed 
by [29] to determine high-school and university students’ 
understanding of fundamental concepts of mechanics and 
alternative ideas. FCI is a multiple-choice test comprising 
29 questions designed to determine the understanding of 
high-school and university students in six main 
dimensions of Newtonian Physics [29]. These are: 
• Kinematics, 
• (1, 2, 3) Newton’s laws, 
• (4) The combined effect of force (superposition), 
• (5) Types of forces. 

[29] Applied FCI to more than 1500 high-school and 
more than 500 university students and supported it with 
interviews to make it valid and reliable. 

2.4. Analysis of Data 
Concentration analysis was used in data analysis. This 

is a statistical approach devised by [25] to analyse the 
number of alternative concepts and the extent of 
concentration and significance, rather than focusing only 
on correct answers, using the students’ answers given to 
multiple-question tests. In the first stage of the analysis, 
concentration score (S), concentration factor (C) and 
concentration deviation (┌) are calculated. 

In this approach, each item of the diagnostic test is 
represented by two parameters: concentration score (S) 
and concentration factor (C). Concentration score is the 
ratio of correct answers given by students for each of the 
multiple-choice questions and it takes a value between 0 
and 1. It is calculated according to the following formula: 

 

(nc: number of given correct answers to an item, N: the total number of 
student answers) 

Accordingly, the concentration factor is the 
concentration of the students’ answers given to each 
item’s different choices. The concentration factor varies 
between 0 and 1. The formula for C is given below: 

 

(m: number of options, ni: the total number of students who choose 
option i, N: the total number of student answers) 

[24] also enabled the calculation of concentration for 
incorrect answers. This is called the concentration 
deviation ( ┌ ). The concentration deviation is a 
calculation that gives the concentration of students’ 
alternative ideas. Its formula is as follows: 

 

(All the symbols are the same as in the concentration factor, and ns 
refers to the number of students’ answers to the correct choice.) 

The greatest advantage of the concentration deviation 
or┌ is that it is not affected by the scores. Therefore, we 
can learn more about students’  wrong answers by 
looking at the S –┌  relationship rather than the 
distribution in the S–C graph. In this context, teacher 
candidates’ response to FCI is analysed through 
concentration analysis [25]. In the second stage of the 
analysis, students’ model states were categorised in light 
of the values obtained in the first stage. Bao’s three-level 
coding scheme was used to classify student responses. 

Table 1.  Three-level coding scheme for classification of student model 
states 

Score Level C Level ┌ Level 

0∼0.4 L 0∼0.2 L 0∼0.2 L 

0.4∼0.7 M 0.2∼0.5 M 0.2∼0.4 M 

0.7∼1.0 H 0.5∼1.0 H 0.4∼1.0 H 

 L: Low, M: Medium, H: High 

Such a classification helps to encode factors that enable 
getting student model states for each multiple-choice 
question. Based on this, student model states are classified 
as follows:  

Table 2.  Possible model classifications of students 

 Pattern Implication 

1 LL Student responses are usually like random 
guesses. 

2 

LH Most of the responses concentrate on the same 
distracter. (One dominant incorrect model) 

HH Students display satisfactory results related to the 
concept (One correct model) 

3 

LM Responses concentrate on two choices but both 
are wrong. (Two possible incorrect models) 

MH One possible dominant model (Two unpopular 
models) 

MM Responses concentrate on two choices. One of 
them is correct. (Two popular models) 

ML Two unpopular models 
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In Table 2, the first category corresponds to the null 
model, the second category corresponds to situations 
where there is only one model, and the third category 
denotes two models. Moreover, with the knowledge 
obtained about concentration factor and scores within the 
scope of study, the answers and their classification are 
shown here in the 2D graph. This plot has been generated 
taking into consideration the S–C boundary lines stated by 
[24] (see Figure 1).  

 

Figure 1.  S–C graph 

The classification and the plot obtained from the 
analysis of FCI data are presented in the following 
section. 

3. Results 
The concentration analysis results of teacher candidates’ 

responses to FCI implementation are shown in Table 3 in 
terms of concentration factor and score. Furthermore, the 
concentration deviation is also shown to indicate the 
concentration of teacher candidates’ alternative concepts. 

Table 3 displays the encoding list for all 29 problems in 
the FCI. When S–C classification from the table is 
examined, it is understood that student responses can be 
classified into three categories. MM modelling, which 
indicates success for students, can be seen in only one 
question (Question 19), and it is observed that LL and LM 
types are more common. Prevalence of LL shows a 
tendency towards the common incorrect model. 

When S–┌ classification is examined, it is noted that 
high ┌ questions have significantly low scores. Since 
high ┌ represents strong distracters, it is observed that 
teacher candidates displayed a tendency to choose the 
same distracters. This is an indication of common 
incorrect student models.  

Table 3.  Relevant model states containing the scores, concentration 
factor and concentration deviation of the responses of teacher candidates 

Question S C ┌ Model 
(S&C) 

Model 
(S&┌) 

1 0.16 0.17 0.22 LL LM 

2 0.13 0.47 0.59 LM LH 

3 0.11 0.21 0.24 LM LM 

4 0.06 0.09 0.06 LL LL 

5 0.09 0.17 0.17 LL LL 

6 0.35 0.11 0.13 LL LL 

7 0.24 0.11 0.18 LL LL 

8 0.09 0.46 0.54 LM LH 

9 0.17 0.20 0.28 LL LM 

10 0.28 0.16 0.26 LL LM 

11 0.22 0.21 0.33 LM LM 

12 0.36 0.07 0.04 LL LM 

13 0.07 0.16 0.15 LL LL 

14 0.16 0.05 0.06 LL LL 

15 0.27 0.17 0.29 LL LM 

16 0.35 0.40 0.74 LM LH 

17 0.22 0.05 0.09 LM LL 

18 0.11 0.13 0.14 LL LL 

19 0.47 0.35 0.63 MM MH 

20 0.18 0.15 0.21 LL LM 

21 0.15 0.05 0.06 LL LL 

22 0.11 0.38 0.47 LL LH 

23 0.21 0.14 0.22 LM LM 

24 0.09 0.14 0.17 LL LL 

25 0.21 0.11 0.17 LM LL 

26 0.14 0.06 0.07 LL LL 

27 0.32 0.08 0.10 LM LL 

28 0.21 0.07 0.11 LM LL 

29 0.22 0.21 0.33 LM LM 

The table below shows the questions covered under the 
S–C classification. 

Table 4.  Conceptual questions in model states (S&C) 

Model 
(S&C) Question No % 

LL 1, 4, 5, 6, 7, 9, 10, 12, 13, 14, 15, 18, 20, 21, 
22, 24, 26 58.6 

LH - 0 

HH - 0 

LM 2, 3, 8, 11, 16, 17, 23, 25, 27, 28, 29 37.9 

MH - 0 

MM 19 3.5 

ML - 0 
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According to Table 4, almost 59% of FCI student 
response models were null models, (LL), or in other words, 
close to random guessing. Almost 38% of responses 
indicated a combination of medium concentration and low 
score (LM) modelling whereas the ratio of medium 
concentration with the lower score was found to be 3.5% 
(MM). Only the 19th question displays a medium level of 
modelling (force–motion relationship). It is observed that 
almost half of the teacher candidates (n = 45) chose the 
correct answer to this question. A graphical representation 
of S–C graph is given below. 

 

Figure 2.  S-C plot for 29 questions of FCI 

Table 4 shows the questions covered under the S–┌ 
classification. 

According to Table 5, 48.3% of teacher candidates were 
in null models (LL) which means low scores and low 
concentration. Only 41.4% of teacher candidates were in 
medium modelling states (LM, MH and ML). Furthermore, 
although there was no teacher candidate in HH level in 
which there was only one modelling state, instances of LH 
modelling in which there was a dominant incorrect model 
exist (Questions 2, 8 and 22). 

Table 5.  Conceptual questions in model states (S&┌) 

Model 
(S&┌) Question No % 

LL 4, 5, 6, 7, 13, 14, 17, 18, 21, 24, 25, 26, 27, 
28 48.3 

LH 2, 8, 22 10.3 

HH - 0 

LM 1, 3, 9, 10, 11, 15, 20, 23, 29 31 

MH 16, 19 6.9 

MM - 0 

ML 12 3.5 

4. Conclusions, Discussion and 
Suggestions 

In this study, a concentration analysis was performed to 
analyse teacher candidates’ answers to FCI and to obtain a 
pattern of their alternative concepts and present conceptual 

knowledge [24, 25]. Concentration scores and 
concentration factors obtained from teacher candidates’ 
answers during the analysis were combined for a 
three-level encoding and categorisation of responses. In 
light of the findings, it can be said that the answers 
provided by teacher candidates are generally in the null 
model state; in other words, they are consequences of 
random responses. Moreover, a look at the FCI data (see 
Table 3) shows that average concentration score of teacher 
candidates is 0.198, and according to [25] this score 
corresponds to a low level (see Table 1). In this context, it 
can be argued that teacher candidates’ modelling related to 
the concept of force is generally based on alternative 
concepts. However, students’ concept-related modelling on 
the graphic was expected to in be HH state and near the 
conjunction of red and blue lines where concentration and 
scores are high (S = 0.7∼1.0; C = 0∼1.0). That is because 
this area proves that students displayed good results related 
to the specified concept and they have been successful. [20] 
study evaluated students’ FCI pre-test and post-test data 
and the mean scores of correct answers with the standard 
deviation and concluded that their conceptual 
understanding of force and motion at the beginning of their 
university education was extremely weak and full of 
misconceptions. These and similar studies show that even 
though the information obtained through correct answers 
of students is useful, it falls short in examining the 
distribution and change of their alternative ideas. The 
present study investigated student responses to a test; the 
data obtained from wrong answers show that the teacher 
candidates answered the majority of the questions based on 
random guessing and were sometimes unable to choose 
between two or more options and, consequently, were 
found to be in a mixed modelling state. The studies 
conducted by [25] also examined responses to FCI in the 
traditional and tutorial classes after pre-test and post-test 
implementations, and it is stated that in the pre-test, very 
few of the FCE questions were near the high-probability 
zone and most questions corresponded to LH and LM 
states. In the post-test, it is observed that the student 
modelling is generally in MM state, meaning a 
considerable number of students insisted on a wrong model. 
In the tutorial classes, high scores and high concentration 
were seen in the post-tests and student responses were 
generally in the HH region. An examination of 
concentration deviations of pre-tests and post-test of both 
groups displayed a wide distribution, and it was concluded 
that the wrong answers given by students were similar in 
pre-tests and post-tests. It is seen that the obtained data are 
very important when the [25] study and the present study 
are taken into consideration. These studies show how to 
carry out a concentration analysis using all the questions 
and the wrong answers to analyze a multiple-choice test. 
Similar situations are emphasized in the studies on 
different concepts with this analysis method [30, 31, 32, 
33]. As these studies show the current situation and the 
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change over time, it may be useful to employ them among 
participants from various levels and with distinct 
characteristics and to discuss the results on common 
grounds to design new/different learning environments. In 
addition, the same students’ mental models related to the 
same concept in certain time periods can be determined and 
the change in modelling can be described. 

In accordance with the obtained results and emphasized 
points, it can be said that this analysis method is suitable 
for developing more effective multiple-choice tests and 
comprehensively assessing the learning situation of a class. 
In this context, this analysis can be used by researchers to 
develop measurement tools dealing with different concepts 
and by educators to easily analyze the learners’ model 
states at the beginning and/or end of instruction instead of 
time consuming qualitative analyses via multiple-choice 
questions. 
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