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Abstract: This study determined the most common alternative conceptions of students in stoichiometry using mental models and ill-

structured problems. Qualitative and quantitative research methods were used in the study with conceptual understanding test as the main 

data gathering instruments. Respondents were third year Bachelor of Secondary Education, Biological Science students. Frequency and 

percentage were the statistical tools applied to answer the question presented in the study.  Results showed that students manifested 

alternative conception in illustrating model of certain chemical reactions, particularly the reactants of the reaction. Moreover there were 

inconsistency in the reasoning of the students on how chemical reactions takes place. There was an indication of misconception between 

atom and molecule among students. Students‟ conceptions of atom and molecule were ambiguous, for the students, the two concepts could 

be used interchangeably. Participants also manifested alternative conception in balancing chemical equation, determining the limiting 

reactant and excess reactants, and finding the mass of the reacting compound. The study recommends to continuously diagnose students‟ 

misconception in other science courses, and further study areas where alternative conceptions exist and identify teaching and assessment 

strategies to correct misconceptions.  
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Introduction 

The acquisition of knowledge and mastery of scientific 

concepts may only be attained when scientific 

misconceptions are identified and dispelled. Thus, the 

identification of students‟ misconceptions and the assessment 

of students‟ alternative conceptions, especially of abstract 

concepts, are key objectives for science educators. Science 

teaching should be imparted in such a manner that a positive 

kind of change can take place to the students. That after 

attaining information relating to scientific facts and theories, 

students conceptions become more rational and logical [1]. 

The identification and reduction of student misconceptions 

of science has been identified as integral to increasing 

student acquisition of science knowledge and understanding, 

thus increasing student‟s science literacy [2]. Constructivism 

as defined by Brashier [3] is a learning theory in which 

educators view students as active participants who construct 

their understanding of concepts, and as meaning makers that 

can transfer pre-organized knowledge. Conceptual change 

theorists recognize that there exists a conceptual framework 

in the minds of the students that needs to be changed. It is 

commonly understood as dealing with the restructuring of 

existing knowledge based on new information. The heart of 

all conceptual change strategies is the knowledge-

restructuring component of prior conceptions. Prior 

conceptual understanding is an important component in 

conceptual change teaching strategies [4]. Prior knowledge 

has crucial role on the learning process and learning 

performance. Many learners do not appear to possess or 

partially possess correct preconceptions before instruction. 

The incorrect and incomplete prior knowledge can block 

knowledge construction processes if not diagnosed and 

changed during learning. Acceptance of revising thinking 

provides many opportunities for learners to advance their 

knowledge and refine their thinking [5]. Ideas that are 

developed without having any prior knowledge of the subject 

are not necessarily wrong but can be described as alternative, 

original or pre-concepts. Teachers cannot automatically 

assume that pre-conceptions will appear. It is necessary to 

diagnose such concepts and, in the case of misconceptions, 

to plan a lesson which integrates new information with these 

concepts [6]. Alternative conceptions (misconceptions) can 

really impede learning for several reasons. First, students 

generally are unaware that the knowledge they have is 

wrong. In addition, students interpret new experiences 

through these erroneous understandings, thereby interfering 

with being able to correctly grasp new information. Also, 

alternative conceptions tend to be very resistant to instruction 

because learning entails replacing or radically reorganizing 

student knowledge. This puts teachers in the very 

challenging position of needing to bring about significant 

conceptual change in student knowledge. Misconceptions 

can be hard nuts for teachers to crack. Teachers should be 

acutely aware that alternative conceptions are not necessarily 

naïve viewpoints. Sometimes they are well-reasoned 

explanations or over generalizations that happen to be 

incorrect under certain conditions. Teachers who fail to 

recognize and make this latter distinction risk losing 

credibility among their students. Efforts must be undertaken 

to help students forget an inaccurate conception. Teachers 

must help students “forget,” and this involves more than just 

letting old memories fade. Instead, they must work to 

actively replace old memories with new, helping students to 

see how their initial ideas fit within the framework of 

scientific understanding [7]. Numerous research findings 

revealed that many students‟ conceptions do not conform to 

those of the scientific views. Students‟ misconceptions have 

been found to hinder further learning. Thus, science 

educators or even the future science educators are faced with 

challenges on how to effect a conceptual change so that the 

scientific concepts that they construct will form a solid 

foundation needed in higher learning. They must look for 

alternative and better way that will be effective in identifying 

misconceptions. One method for exploring students‟ 
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misconceptions is the use of metal models.  Mental structures 

allows a child or an adult to create or construct new 

knowledge or to modify previously constructed knowledge 

and to modify and construct new structures [8]. Vosniadou 

[9] suggests that an important characteristic of mental 

models is their ability to be explored extensively and run in 

the mind„s eye, so to speak, in order to generate predictions 

and explanations. She hypothesizes that mental models 

mediate in the generation of explanations, suggesting that 

mental models become the vehicles through which implicit 

physical knowledge enters the conceptual system. In model-

based learning, it is assumed that learners construct mental 

models of phenomena in response to particular learning tasks 

by integrating pieces of information about the structure, 

function/behavior, and causal mechanisms [10]. Learners 

then use and continuously re-evaluate their models and either 

discard or revise them as needed. Mental modeling, then, is a 

process of constructing, testing, and adjusting a mental 

representation of a complex phenomenon in order to 

understand it. According to Gilbert [11] and Nersessian 

(12]), models are essential in scientific reasoning. These 

were employed by scientists as representation of the structure 

and the behavior of systems that allow scientists to 

manipulate representations and construct explanations for 

processes underlying the phenomena. Harrison and Treagust 

[13] describe scientific models as abstract, and simplified 

representations of systems or phenomena that make their 

central features explicit and visible and which can be used to 

generate explanations and predictions. Park [14]) in his study 

explored student perceptions of atomic structure and how 

students learn about this concept by analyzing student mental 

models of atomic structure. Changes in student mental 

models served as a valuable resource for comprehending 

student conceptual development. His study revealed that 

conceptual development can be achieved, either by elevating 

mental models toward higher levels of understanding or by 

developing a single mental model. Another method of 

assessing items designed to reveal known misconception is 

the used of ill-structured problems. Ill-structured problems 

can be constructed such that distractors can target the known 

misconceptions. As pointed by Sadler [15], carefully 

constructed ill-structured problems can be seen as “windows 

into students‟ ideas” and “markers” of progress that reveal 

information about student‟s understanding and they may be 

useful for targeting instruction. Jonassen [16] described 

several dimensions of problem solving based largely on a 

continuum of problems from well-structured to ill- 

structured. The degree to which learners interact with new 

information lies from low cognitive engagement to high 

meta-cognitive engagement. Learners must become self-

regulated and effortful analyzing and synthesizing new 

information in order to restructure what they know. These 

are skills that consistently required of ill-structured 

problems. It is widely accepted that students‟ performance 

during problem solving is affected by students‟ knowledge 

structures [17]. Students who do not have conceptually 

organized knowledge have difficulties in solving problems. It 

is also known that students‟ problem solving performances 

are influenced by not only their knowledge structure but also 

various cognitive variables [18]. To Bransford [19] an 

important characteristic involved in ill-structured problem 

solving is "metacognition" --the ability to monitor one's 

current level of understanding and decide when it is not 

adequate. It is necessary to provide guidance to students 

when necessary, such as "pay attention to students' 

interpretations" when students are constructing new 

knowledge based on their previous knowledge in ill-

structured problem solving tasks. Chemistry is one of the 

science subjects that students must have a good level of 

understanding. Science educators must know the students‟ 

alternative conceptions to be able to help them change so that 

these will become coherent with those of the scientific 

conceptions. The used of mental models and ill-structured 

problems can engage the students in their learning process in 

a way that leads them to change their alternative conceptions 

for the scientific conception Chemistry teachers are 

responsible for preparing students to become scientifically 

literate individuals. They must be aware on how students 

move from their prior knowledge to scientifically acceptable 

ideas. They need to provide students with opportunities to 

recognize what prior knowledge they already possess, 

expand on their incomplete schema, and confront inaccurate 

prior knowledge or misconceptions. Therefore, teachers must 

accurately assess students‟ alternative conception that will 

help them identify the effective and innovative learning 

strategies that may be utilized in improving it. Thus, to 

address this issue of misconceptions conceptions, this 

research attempted to determine students‟ alternative 

conceptions in stoichiometry using mental models and ill-

structured problems for the students to continuously be 

involved in the used of concepts that are scientifically 

acceptable. 

 

OBJECTIVES OF THE STUDY 

This study aimed to determine the most common alternative 

conceptions of the students in stoichiometry using mental 

models and ill-structured problems among Bachelor of 

Secondary Education (BSED) major in Biological Science 

students. 

 

MATERIALS AND METHODS 

This study used both qualitative and quantitative research 

methods. The quantitative part was collected from the 

Conceptual Understanding test results. There are three 

selected topics on stoichiometry that were covered in the test, 

namely, chemical reactions, mass relationships from 

balanced chemical equations, and limiting reactants. The 

qualitative part involved the analysis of the students‟ 

explanations in the Conceptual Understanding Test. Aside 

from the Conceptual Understanding Test, interviews was 

also used as a source of data. In this study, purposive 

sampling technique was used in selecting the participants. 

The researcher chose the sample based on the criteria 

appropriate for the study. In this case, participants were 50 

third year BSED Science major students enrolled in Sci-306 

(Inorganic Chemistry). All the students involved were made 

aware of the purpose of the study to be conducted, after 

which the orientation, informed consent form was given to 

all the participants to ensure that their participation would be 

voluntary. Three college Professors, including the researcher, 

rated the students‟ answer in the Conceptual Understanding 

Test. The ratings given by the three interraters were 

subjected to nonparametric statistical analysis using 

Kendall‟s coefficient of concordance, W. Statistical analysis 

showed that there was an agreement among the three 

interraters. The Conceptual Understanding Test was 

administered after covering lessons on chemical reactions, 

mass relationships from balanced chemical equations, and 
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limiting reactants. Upon the completion of instructional 

process students‟ new conceptions were determined using 

the test. Oral interview was also conducted to selected 

students to clarify their answer and explanations to some of 

the items in the Conceptual Understanding Test.  Results of 

the Conceptual Understanding Test on Stoichiometry 

provided the data which were subsequently analyzed to 

determine in which items of the test the students manifested 

alternative conceptions. 

 

RESULTS AND DISCUSSION 

As seen in Table 1, there are two items from the Conceptual 

Understanding Test where the students manifested 

alternative conceptions, item 10 in part I and item 4 in part 

II. It is very evident from the table that a total of nineteen 

participants have misconception in illustrating mental model 

in the reaction between SO2 and O2 forming SO3. Fourteen 

(73.68 %), out of 19 students with alternative conceptions on 

this item used correct representation for oxygen, the second 

reactant, but misrepresented SO2, the first reactant. All of 

them got the correct representation of the product and were 

also able to give the correct reason for the reaction. See 

Figure 1 for the correct answer. 

 

                    2SO2 + O2                 2SO3 

 

 

 

 

 

 

 

Legend:   S -                  O – 

 

Figure 1 

 

The common misconceptions as reflected from students‟ 

answers are the use of single block dot to represent S instead 

of representing SO2. Follow-up interview with the students 

revealed that they did not include O2 attached to S since it is 

already represented in the second reactant. It only means that 

students thought that O2 in SO2 is just the same as the O2 

molecule in the second reactant. Thus, they just represented 

S and O2 in the reactant side. However, the table also reveals 

that there are still 2 (10.53 %) of the participants with the 

same problematic conceptions in representing SO2 but also 

encountered misconception even in representing O2, the 

second reactant. In the model, students used six single white 

dot for O, to represent the total of 6 oxygen atom from the 

balanced equation. This only means that students‟ model is 

flawed mental model. According to Vosniadou [9]), when 

the learner‟s mental model conflicts with the correct one, 

scientific model is flawed. Flawed means that mental model 

is coherent but incorrect. He added that the successful 

modification of a flawed mental model is called the mental 

model transformation. One way to design a holistic 

transformation is to have students examine a visual depiction 

or diagram of the flawed mental model, then contrast it with 

a diagram of the correct model, in terms of the predictions, 

explanations and elements of each model. Table also reveals 

that there are 3 (15.79 %) of the participants that also possess 

alternative conception in item 10. The three participants got 

the correct model but there were inconsistencies in the 

reasons given. The term atom was used in giving reasons 

instead of molecules. The interviews provided further 

evidence that students‟ conceptions of atom and molecule 

were ambiguous. Students believed that atom and molecule 

can be used interchangeably and that the two concepts have 

the same meaning. This finding is in line with Resullar‟s [20] 

study that identified two types of misconceptions, namely, 

vernacular misconceptions and conceptual misunderstanding. 

Her study revealed that most of the students‟ misconceptions 

were attributed to language and to previous learning in 

school. Lack of direct translation of the science terms to the 

vernacular, resulted in different interpretations of science 

concepts. Conceptual misunderstanding was passed on to 

students from their elementary years. More conceptual 

misunderstanding developed as students constructed 

different models and interpretations, which happened to 

conflict with the scientific views. Another item where there 

are common alternative conceptions is in item 4 of the ill-

structured problem part of the test. A total of seven 

participants manifested alternative conception on this item. 

Six of them (85.71 %) presented the solution of solving the 

limiting reactant and finding the mass of aluminum sulfide 

correctly, but there were misconceptions in finding the 

excess reactant. Only 1 (14.29 %) of the participants 

manifested alternative conception in the correct use of 

coefficient and subscript in the balanced equation. Results 

reveal that the most common alternative conception of the 

students was in finding the amount of excess reactant. 

Reflected from the students‟ answers is that they did not 

consider the reactant that yielded the least number of moles 

of the product or the limiting reactant as bases in finding the 

amount of excess reactant. This means that the 

misconception rooted from students‟ knowledge structure 

regarding the excess reactant. This finding therefore is 

consistent with the idea of Gerace [17] that students‟ 

performance during problem solving is affected by students‟ 

knowledge structures. Students who do not have 

conceptually organized knowledge have difficulties in 

solving problems. 
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Table 11 

Common Alternative Conceptions of Students in Stoichiometry 

 

 

CONCLUSIONS 

Mental models and ill-structured problems can be used in 

determining alternative conceptions among students. The 

most common alternative conceptions of students in 

stoichiometry were those in illustrating mental model of 

certain chemical reaction, particularly the reactants of the 

reaction, and in solving excess reactant. 

 

RECOMMENDATIONS 

It is recommended to continuously diagnose students‟ 

misconceptions and address the same in other science 

courses using interactive engagement techniques which are 

anchored on constructivist approach for teaching. The use of 

mental model and ill-structured problem in determining 

alternative conceptions should be tried out in different 

disciplines and venues. Further study to address the areas 

where alternative conceptions exist and to identify teaching 

and assessment strategies to correct misconceptions. 
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react to form SO3, draw your mental model base 
on your knowledge about the chemical reaction 

assuming the reaction goes to completion. Explain 

your model. 
 

          2SO2 + O2                       2SO3 
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     Legend:   S  -           O2 -   

14 73.68 

          2SO2 + O2                         2SO3 

 
 

 

 

 

 

 
 

     Legend:   S  -            O -     

2 10.53 

Model was correctly represented, but there was misconception in the use of 

the term molecules and atoms in the explanation given. 
3 15.79 

Item number 4 (Ill-structured problem)  

In an experiment, 5.00 g aluminum (Al) is heated 
with 25.0 g sulfur (S) to form aluminum sulfide 

(Al2S3). How many grams of aluminum sulfide 

will be formed? How many grams of excess 
reactant will remain? (Atomic mass: Al = 27, S = 

32) 

The solution of selecting the limiting reactant and finding the mass of 
aluminum sulfide were given correctly, but there were misconceptions in 

finding the excess reactant. 

6 85.71 

The manner of finding the limiting reactant and finding the mass of 
aluminum sulfide were correct, but there were misconceptions in balancing 

equation, subscript was used instead of coefficient. 

1 14.29 
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