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Some of the reasons that may be behind students’ misconceptions about Mendel’s Law of Segregation 
were explained. We explore what students might mean when they say they resemble their parents. 
While some students can correctly indicate that they resemble their parents, they may not have a 
complete understanding of the mechanism behind this resemblance. Could they simply be referring to 
the fact that they look like their parents on a surface level? Even when students’ acknowledge that 
genetic information plays a role in the resemblance, might they believe that they received genetic 
material for a specific inheritable trait only from the parent they resemble for that trait? In this paper, we 
argue that students’ resemblance theory may contribute towards scholarly discussions about students’ 
reasoning around Mendel’s Law of Segregation. We point out the importance of understanding 
students’ reasoning so as to create learning environments that may challenge their conceptions.  
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INTRODUCTION 
 
There is considerable research literature that identifies 
challenges faced by a majority of students as they learn 
about genetic inheritance (e.g., Banet and Ayuso, 2000; 
Chattopadhyay, 2005; Kargbo, Hobbs, and Erickson, 
1980; Lewis, 2000; Lewis, 2004; Lewis, Leach, and 
Wood-Robinson, 2000). Despite the importance of 
genetics in modern science, a number of studies have 
shown that the concepts associated with genetics, such 
as biological inheritance, are poorly understood from both 
educational and general public perspectives (e.g. Banet 
and Ayuso, 2000; Chattopadhyay, 2005; Kargbo, Hobbs, 
and Erickson, 1980; Lewis, Leach,  and  Wood-Robinson,  
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2000; Lewis and Wood-Robinson, 2000; Marbach-Ad, 
2001; Mills Shaw, Van Horne, Zhang, and Boughman, 
2008; Slack and Stewart, 1990; Tsui and Treagust, 2007; 
Turney, 1995; Williams et al., 2010; Wood-Robinson, 
1994). What is common amongst this literature is that it 
documents similar ideas both from students and from the 
public about genetics in general and biological 
inheritance in particular without much explanation as to 
why students and other people may have such 
conceptions. At the same time, there has not been much 
research that maps out students’ reasoning about genetic 
inheritance in general or Mendelian inheritance in parti-
cular. As pointed out by Fisher (2000), mapping students’ 
reasoning is deeply useful, as it has implications for teaching 
and learning environments that build on students’ prior 
knowledge.  

In addition, there is not much  comprehensive  literature  
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on how students’ conceptions (also referred to as 
students’ misconceptions or alternative conceptions) may 
influence their learning and knowledge integration around 
Mendelian inheritance. Little is known about the 
predictive power (Clement, 1982) of the students’ alter-
native conceptions on genetic inheritance. For example, 
Clement (1982) suggested that students’ alternative 
conceptions may have a predictive power of zero if such 
ideas can be modified with appropriate instruction. This 
view implies that some of students’ alternative 
conceptions can be easily modified by instruction, while 
others may be held by students even after instruction. 

This paper employs Students’ resemblance theory, 
described by Authors (2012) as a lens to explain the 
possible reasoning exhibited by some students who may 
find concepts related to Mendelian inheritance chal-
lenging. The theory explains how students’ out-of-school 
experiences (e.g., kinship and family resemblance) may 
influence their reasoning about concepts related to 
Mendel’s Law of Segregation. This paper is not claiming 
that students’ conceptions about genetic inheritance can 
be altered by specific instructional practices or curriculum 
materials. We are also not claiming that students’ 
resemblance theory can be used to explain all issues 
related to some students’ (with alternative conceptions) 
reasoning about Mendelian inheritance. Rather, this 
theory-driven paper tries to explain some of students’ 
reasoning using students’ resemblance theory as a lens 
to partially explain why and how students reason the way 
they do and how that reasoning may hinder or otherwise 
influence their learning around Mendel’s Law of 
Segregation. We believe that understanding students’ 
reasoning has implications for teaching and learning 
about genetic inheritance. This paper is guided by the 
following question: What are some perceptive that could 
be inherent in students’ common observation that 
‘offspring resemble their parents’? Closely related to this 
is whether most middle school students can relate the 
common observation of offspring resembling parents to 
Mendel’s law of segregation.  
 
 
STUDENTS’ UNDERSTANDING ABOUT CONCEPTS 
RELATED TO MENDEL’S LAW OF SEGREGATION  
 
Gregor Mendel is widely regarded as the father of 
modern genetics because most of the current knowledge 
about genetic inheritance originated from his work with 
plants. Mendel’s Law of Segregation forms the basis of 
modern understanding of inheritance through sexual 
reproduction. Mendel’s Law of Segregation includes the 
following concepts: genes exist in more than one form, 
called alleles; when gametes are formed, allele pairs 
separate, leaving each cell with a single allele; when two 
gametes come together to form a new organism, the 
offspring inherits two alleles for each trait, one from each 
parent,  transferred  through  the  gamete  (see  Andrews,  

 
 
 
 
2010). Mendelian genetics also includes that idea that 
when an organism has two different alleles for the same 
trait, the allele that is expressed is dominant, while the 
other is recessive. Despite the importance of under-
standing Mendelian inheritance, a majority of students 
continue to find the learning of genetic inheritance 
concepts challenging (e.g., Banet and Ayuso, 2000; 
Chattopadhyay, 2005; Kargbo, Hobbs, and Erickson, 
1980).  

Lewis and Wood-Robinson (2000) pointed out that 
Mendel’s principles of inheritance may not be easily 
assimilated by a majority of students because the 
concepts may be in conflict with their pre-existing 
knowledge. Research has pointed out that genetic 
inheritance can be challenging for students to learn, 
mainly because it involves unseen processes such as 
proteins, genes, cells, organs, organ systems, individual 
organisms, populations, and communities studied at 
different organizational levels (e.g., Duncan and Reiser 
2007; Duncan, Rogat and Yadern, 2009; Stewart and 
Van Kirk, 1990). These views suggest that students’ pre-
existing knowledge, together with the complexity of 
genetic inheritance concepts, may influence students’ 
learning and understanding around genetic inheritance, 
hence the importance of exploring students’ possible 
reasoning about Mendelian inheritance.  

Research spanning more than three decades has 
shown that a majority of students continue to have chal-
lenges in learning and understanding concepts related to 
genetic inheritance (e.g., Banet and Ayuso, 2000; 
Chattopadhyay, 2005; Collins and Stewart, 1989; Clough 
and Wood-Robinson, 1985, 1994; Duncan and Reiser, 
2007; Kargbo et al., 1980; Marbach-Ad, 2001; Slack and 
Stewart, 1990; Venville, Gribble and Donovan, 2005). 
Related to Mendelian inheritance are the concepts of 
parental contribution of genetic material to offspring. 
Research has indicated that some students have difficulty 
understanding the equal contribution of both parents in 
the formation of their offspring’s genotype (e.g. Banet and 
Ayuso, 2000; Clough and Wood-Robinson, 1985, 1994; 
Kargbo et al., 1980). In addition, Lewis and Kattmann 
(2004) argue that students often equate genes to traits 
and are unable to distinguish between genotypes and 
phenotypes. Furthermore, Richards (1996) pointed out 
that the knowledge of genetic inheritance is also 
grounded in concepts of kinship. This view suggests that 
students’ familiarity with kinship and resemblance may 
influence their learning of genetic inheritance concepts. 
The following are documented challenges faced by or 
conceptions held by students around genetic inheritance 
concepts related to Mendelian inheritance: 
 
i. Some students cannot distinguish alleles and genes 
(Chattopadhyay, 2005), hence their difficulty in 
understanding that genes exist in more than one form. 
ii. Some students believe in same-sex inheritance – that 
is,   that  boys  inherit  more  genetic  material  from  their  



 
 
 
 
fathers than from their mothers, and that the opposite is 
true for girls inherit more genetic material from their 
mothers than their fathers (Karbgo et al., 1980), hence 
their difficulty in comprehending that organisms inherit 
one allele for each trait from each parent. 
iii. Some students fail to distinguish heterozygous from 
homozygous in addition to failing to distinguish 
phenotype from genotype (Banet and Ayuso, 2000), 
hence their difficulty in understanding that when gametes 
are formed, allele pairs separate leaving each cell with a 
single allele and that when an organism has two different 
alleles for the same trait, the allele that is expressed is 
dominant, while the other is recessive.. 
 
This paper is a theory-driven attempt to unpack and build 
on the theoretical framework that emerged from the 
Authors (2012) study. In this paper, other ways of 
thinking about students’ out-of- school experiences 
related to resemblance between parents and offspring 
and how those experiences may influence their learning 
and understanding around genetic inheritance in general 
and Mendel’s Law of Segregation in particular were 
provided. The question is about the reasoning behind 
students’ ideas when they say they resemble their 
parents. Would they simply mean that they look like their 
parents or they may also have isolated ideas about the 
concepts of Mendelian inheritance? In the following 
section, we describe the issues related to students’ 
resemblance theory and how it may influence students’ 
reasoning about specific principles related to Mendel’s 
Law of Segregation.  

 
 
Summary of students’ resemblance theory 
 
A study carried out by Authors (2012) found out that all 
the 300 middle school students who participated in their 
study indicated that they resembled their parents for 
some biological traits. Of these students, approximately 
half attributed their observable genetic traits to the 
specific parent whom they resemble for that feature 
(Authors, 2012). For example, a student would say they 
got their eye color from their father and their dimples from 
their mother. Manokore and Williams (2012) referred to 
such established ideas and explanations of students’ as 
students’ resemblance theory. When attributing specific 
inheritable traits to a specific parent, students may have 
been simply referring to their resemblance to that parent. 
However, Manokore and Williams (2012) traced these 
students’ responses to questions related to Mendelian 
inheritance, and they concluded that students’ 
resemblance theory may influence some students’ (in 
their study, approximately 50% of students) learning and 
understanding around genetic inheritance. For example, 
50% the students who attributed inheritance of traits to a 
specific parent also had the following conceptions that 
were consistent with literature (Authors, 2012): 
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i. They believed that boys inherit more traits from their 
fathers and girls inherit more traits from their mothers 
(Kargbo et al., 1980) 
ii. They could not distinguish between an allele and a 
gene (Chattopadhyay, 2005) 
iii. They could not define and explain the relationship 
between chromosomes, genes, and DNA 
(Chattopadhyay, 2005) 
iv. They had difficulty in understanding concepts about 
dominant and recessive alleles (Banet and Ayuso, 2000) 
 
In their paper, Authors (2012) argued that while all 
students make observations about offspring resembling 
their parents, some students may take that resemblance 
to mean that only the parent whom the offspring 
resembles contributed genetic material for the trait in 
question. Students’ tendency to attribute traits to specific 
parents may also be used to explain their misconceptions 
where they believe that boys inherit more genes from 
their fathers than their mothers (and the reverse for girls), 
because of sex resemblance. This may be partially 
explained by the students’ resemblance theory and it is 
possible that students will be basing their explanations on 
the idea of gender resemblance.  

Authors (2012) findings are consistent with literature 
that says a majority of students believe that one parent 
contributes genes for some characteristics and the other 
parent contributes genes for other features (e.g., Karbgo 
et al., 1980). This view suggests that students lack 
understanding of how alleles are passed on from parents 
to offspring. The concepts and conceptions around 
students’ resemblance theory (Authors, 2012) can be 
summarized as shown in Figure 1. 

 
 

WHAT MIGHT STUDENTS MEAN WHEN THEY 
OBSERVE THAT ‘OFFSPRING RESEMBLE THEIR 
PARENTS’? 
 

Students who believe that each parent contributes to an 
offspring only genes for certain features show lack of 
coherent understanding on how genetic material is 
passed from parents to offspring. In their explanations, 
some students pointed out that it was the ‘dominant gene’ 
that is passed from parents to offspring (Authors, 2012). 
It is possible that students with such responses may 
believe that only dominant are passed on from parents to 
offspring, not recessive alleles. In other words, those 
students may believe that they inherited only dominant 
alleles from the parents whom they resemble the most for 
a particular inheritable trait, with no genetic material for 
that trait coming from their other parent. That belief sug-
gests that students lack understanding about dominant 
and recessive alleles and how alleles are passed on from 
parents to offspring. Additionally, students may be lacking 
knowledge that chromosomes exist in pairs (i.e., 
homologous chromosomes), with one inherited from each 
parent.   As   a   result,   some   students   may   fail   to  
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Figure 1. Students’ resemblance theory summary.  

 
 
comprehend that alleles are also in pairs and that each of 
a pair of alleles is located on one of a pair of homologous 
chromosomes. Related to these concepts is the 
understanding of meiotic division that results in daughter 
cells (sex cells) with half the amount of genetic material 
found in other cells, as well as knowledge about the 
union of male and female sex cells in producing offspring 
with full set of chromosomes.  

Related to students’ resemblance theory is students’ 
understanding of the relationship between gene, allele, 
genotype, and phenotype. Research has shown that 
some students believe that there is an unequal contri-
bution of genetic information to offspring for particular 
traits (e.g., Kargbo et al., 1980) and that this points to 
students’ difficulty in understanding genetic inheritance 
from parents to offspring (e.g., Lewis and Wood-
Robinson, 2000). That is, students with alternative 
conceptions about how they inherit traits from parents 
may have difficulty comprehending why they may look 
more like one parent for certain features than like their 
other parent. Students’ resemblance theory therefore 
provides a new lens for thinking about students’ 
reasoning when learners with alternative conceptions 
argue that one parent contributes genes only for certain 
characteristics based on observed resemblance.  

To illustrate the students’ possible reasoning, we give 
the example of a hypothetical female student Nicole. 
Suppose Nicole’s mother (Mary) cannot roll her  tongue, 

but her father (John) can roll his tongue. While such 
observations can provide learning experiences that 
enhance students’ learning and understanding of 
Mendel’s Law of Segregation, students with alternative 
conceptions may find them to be more plausible than the 
explanations for phenomena that they are taught in 
school. Table 1 shows some observable phenotypes of 
Nicole and her parents:  

Suppose Nicole is one of the students who correctly 
identifies that offspring resemble their parents and has 
isolated ideas about Mendel’s law of segregation- the 
following diagram (Figure 2) may partially explain Nicole’s 
reasoning about how she inherited certain traits from her 
parents.  

Figure 2 shows how Nicole may be using her 
knowledge about resemblance (students’ resemblance 
theory) to reason about concepts related to Mendelian 
inheritance. Having some ideas about the thought 
processes of students like Nicole, may help teachers to 
develop appropriate instructional strategies that will 
enable students to build on their prior knowledge about 
resemblance.  
 
 
DISCUSSION 
 
Research has shown that a majority of students continue 
to  have  difficulty  learning  genetics  concepts  and  that  
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Table 1. Some Observable Phenotypes of Nicole’s Family.  
 

 Tongue roller  Gender 

John (Nicole’s Father) Can roll tongue Male 

Mary (Nicole’s mother) Cannot roll tongue Female 

Nicole Can roll tongue  Female  

 
 
 

 
 
Figure 2. Students’ possible reasoning about resemblance and genetic inheritance.  

 
 
 
some have fragmented ideas about them even after 
instruction (e.g., Banet and Ayuso, 2000; Chattopadhyay, 
2005; Kargbo, Hobbs, and Erickson, 1980; Lewis, Leach, 
& Wood-Robinson, 2000; Marbach-Ad, 2001; Mills Shaw, 
Van Horne, Zhang, and Boughman, 2008; Slack and 
Stewart, 1990; Tsui and Treagust, 2007; Turney, 1995; 
Williams et al. 2010). Some researchers have argued that 
students may continue to hold on to their misconceptions 
mainly because learning environments fall short of linking 
related information in order to provide a conceptual 

framework (Chattopadhyay, 2005; Lewis et al., 2000). We 
argue that just as it was important to link related concepts 
that are all taught in a school setting, it is also imperative 
to link school science concepts to students’ out-of-school 
experiences. Challenging students’ pre-conceptions may 
not be enough to enable them to develop a better under-
standing of difficult science concepts; it is also important 
to map how students build on their prior knowledge as 
they interact with school science (Fisher and Moody, 
2000). In this paper, we have  tried  to  map  students’  
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reasoning from the perspective of students’ resemblance 
theory. Understanding students’ thought processes may 
enable science educators to create learning environ-
ments that help students to develop the conceptual 
frameworks desired in the science community. 

Science students often bring their everyday 
experiences into the school setting. Most research in 
science education tries to examine learning environments 
that enable students to effectively build on their prior 
knowledge as they develop a strong understanding of 
science concepts. However, there are some out-of-school 
funds of knowledge that may compete with school 
science. Additionally, there are some learning environ-
ments that do not fully challenge students’ experiences in 
a way that enables the knowledge building process. 
Some of students’ reasoning about inheriting traits from 
parents presents a learning opportunity about Mendelian 
inheritance. In this paper we argue that it is important to 
understand such reasoning in order to challenge 
students’ line of thought and enable them to develop a 
better understanding of Mendel’s Law of Segregation. 
Further, we propose that learning environments explicitly 
link to students’ resemblance theory by assessing and 
building on students’ prior knowledge.  
 
 
Implications for Teaching 
 
The suggestion of avoiding major time gaps between 
students’ learning of concepts related to genetics (e.g., 
cells, reproduction) in addition to making explicit links 
between related concepts has been proposed as another 
important step towards helping students develop better 
understandings about genetic concepts (e.g., 
Chattopadhyay, 2005; Lewis et al., 2000). This argument 
was extended by suggesting the importance of 
understanding students’ reasoning, as explained by the 
students’ resemblance theory, as crucial in creating 
learning environments that may enable students to build 
on their prior knowledge as they develop coherent 
conceptual frameworks. 

It is possible that students’ resemblance theory (which 
is predominantly based on their out of school obser-
vations and experiences) in first-space may have some 
predictive power on students’ understanding about how 
offspring inherit genetic information from parents. This 
means that students’ understanding around parental 
resemblance may influence the way they create hybrid 
spaces as they interact with school curricula. Conse-
quently, learning environments need to have activities 
that challenge students’ out-of-school competing and 
non-competing funds of knowledge that may interfere 
with knowledge integration and recreation of new 
knowledge as they integrate different funds of knowledge 
in hybrid spaces. Moje et al. (2004) argued that because 
science is a highly specialized area with a lot of 
assumptions about what counts as scientific knowledge,  

 
 
 
 
the idea of integrating in- and out-of-school funds of 
knowledge becomes challenging.  

McNeill and Krajcik (2009) argued that learning 
environments need to do more than just mention the 
similarities between students’ out-of-school ideas and 
school science. These authors pointed out the impor-
tance of discussing with students both similarities and 
differences between out-of-school and school science so 
as to possibly enhance students’ coherent understanding 
of concepts taught in school. Additionally, Fisher (2000) 
pointed out the importance of understanding students’ 
reasoning and creating learning environments that 
challenges students’ perceptions. The importance of 
understanding students’ reasoning behind certain 
concepts that may be challenging for them to 
comprehend cannot be overemphasized.  

More importantly, when students point out that they 
resemble their parents, learning environments should try 
to leverage on that knowledge and challenge students to 
explain how this resemblance came about. Teachers may 
also need to explain how issues related to Mendelian 
inheritance can be used to explain resemblance in 
families. It was argue that students’ knowledge about 
resemblance and kinship can be a starting point to build 
on that knowledge and challenge their alternative 
conceptions. It was also argue that teachers should be 
cognizant of the reasoning behind students’ statements 
that they resemble their parents. Probing students who 
may be reasoning like Nicole in our example above may 
create teaching moments that enable students to learn 
about Mendelian inheritance. More studies are needed to 
explore instructional strategies that may enable learners 
to build on their prior knowledge about resemblance as 
they create new conceptual frameworks about Mendelian 
inheritance.  
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