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Abstract

This study examines preschool children’s learning English as a second language in early years
education. It is qualitative and uses ethnography as the data collection and analysis method. It was conducted
between October 2019 and January 2020 in a private nursery in a city in Turkey. The participant children are 5
and 6 years old. In this study, different bilingual models are discussed, and the construct of translanguaging is
used to examine children’s second language and literacy learning, and their interactions with the teacher and
peers in the classroom. The findings show that preschool children learn language and literacy through a flexible
language teaching method. The study demonstrates that their expressive skills, vocabulary learning, and math
develop in classroom activities. The findings also indicate that the model enables the participant children to
improve their first language (Turkish) skills.

Key words: English, second language learning, models, preschool, translanguaging

Introduction

In early childhood education, English is widely taught and spoken as a second/foreign language in both
private and state funded schools in many countries (Lugossy, 2018; Prosic- Santovac and Radovi¢, 2018). This
provides English to have prestigious in many societies. Thus, parents and teachers have appetite for their
children and students to learn English from early years. In spite of this, Koru and Akesson found that the
importance of English is not understood considerably and that there is a gap between students’ competence in
English countries such as Turkey and Brazil. In Turkey, parents increasingly want their children to learn English
in early years education. However, in Turkey learning English as a second language is mainly taught in private
nurseries (Sarica, 2019). In state-funded nurseries, English is taught in kids club that are arranged after daily
activities have finished in Turkish (Official Gazette, 2014, article no:83).). But kids club are not arranged in
every nursery as they are paid for and based on parents’ choices (Gelir, 2020). In Kkids club, it is considered that
there is language separation as the English language teacher teaches English (mainly grammar and speaking
skills) after the preschool teacher has finished daily activities (Gelir, 2020). The language separation is mainly
associated with the immersion method.

According to Cetintas and Yazict (2016), immersion method is mainly used as a language teaching
model in early years education in Turkey. The immersion method is criticised for separating languages
(Schwartz and Asli, 2014). In recent years, however, translanguaging model is applied for teaching children two
or more languages flexibly. Translanguaging is also used as a theoretical construct.

This study will indicate how translanguaging can be used as a teaching model in early years education.
However, it seems that there is limited research on translanguaging both as a teaching model and construct in
the relevant literature in Turkey. For example, this model is used in a few nurseries, and it has been used to
examine English language teachers’ perceptions of teaching English as second language in different levels of
education such as primary and secondary (Yuvayapan, 2019) and Syrian refugee children in Turkey (Baytas and
Seyma, 2019). Therefore, the current study aims to contribute to this gap by using the construct of
translanguaging to investitage preschool children’s learning English as a second language in a private nursery.
This study addresses the following research question:

o How do preschool children learn English language and literacy?
Theoretical Framework

There are two main approaches to second language learning: bottom up and top down. Bottom- up
approaches suggested that learning a second language (including reading) starts from small unit of meaning
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such as individual sound and phoneme to general knowledge of structure and language (syntactic knowledge).
This means that sounds and words play important roles in understanding of language and structure as ‘decoding
sounds and pronouncing words is seen as a means to gain understanding’ (Gregory, 2008, p.109). In contrast,
top- down approaches claim that learning a second language begins with understanding of general knowledge to
particular. These approaches argue that experience is crucial to a second language learning as a learner builds
meaning through experience. In other words, the recognition of printed and written symbols is seen as a
stimulus for remembering meaning (Gregory, 2008).

There are also theories of second language learning. In this paper, cognitive, sociocultural and
sociolinguistic theories will be discussed with a focus on sociolinguistic theories. Cognitive approaches argued
that there are systems that function without awareness and that each individual can access to. Cognitive
approaches argued that a second language learning is integrated into the cognitive mechanism that is already
established through the first language. These approaches claimed that the same learning mechanism is used to
understand structures and patterns form a second language. Cognitive approaches also viewed memory, sentence
processing, information processing and attention as important in second language learning (Mitchell, Myles and
Marsden, 2013). On the other hand, sociocultural theories considered that a second language is learned in
interactions with more knowledgeable adults or peers in social contexts. Sociocultural theories are based on
Vygotsky’s works (1978, 1986). Vygotsky argued that the child first learns in interactions with people around
her/him, and then s/he internalises his learning. That is, this theory viewed a second language learning as a
social practice. Although sociocultural theory claimed that the child neurobiology is crucial to human mental
functioning, her or his cognitive system develop in interaction with people and the social context (Lantolf and
Thorne, 2006; Lantolf, Thorne & Poehner, 2015). For sociocultural theories, language is an important cultural
tool that mediates an individual connection to the social context and people around.

Similarly, sociolinguistic theory claimed that a second language is learned in a social context that
affects children language use and development (Tarone, 2007). This means that this theory investigated how a
social context and learner’ participation affect the rate and direction of second language relearning and outcome
(Mitchell, Myles and Marsden, 2013). Tarone (2007) argued that a second language is not learned in vacuum,
rather, it is learned from and with people. The relationships between the learner and social context have effects
on cognitive development. Scholars advocating sociolinguistic theories also emphasised the relationship
between culture and language use. Researchers such as Bayyurt (2013) suggested that cultural elements such as
accent can be included in teaching a second/ foreign language. According to Bayyurt, this provides positive
attitudes towards a second language learning. | situate my study within sociolinguistic, which emphasised the
role of social and cultural contexts in learning a second language.

Second Language Learning Models and Translanguaging

Researchers suggested different models of teaching children English as a second language in early
years. They based their models either on language separation (e.g., by time, activity and teacher) or language
integration. In either case, the goal was to improve children’s second language learning in early years. Prosic-
Santovac and Radovi¢ (2018) examined the language separation model (one teacher-one language) applied in a
Serbian- English bilingual kindergarten. In this model, instructions were given in both Serbian and English. The
authors found that the applied model had advantages and disadvantages. Their results showed that language
separation during instruction had positive affect on children’s receptive language skills. But expressive skills
(e.g., communication) were not improved as much as those of receptive. Likewise, Lugossy (20018) explored
immersion the use of the immersion model in teaching English as a second language in two private preschool
settings in Hungarian. The author observed that the English language teachers were in the classrooms during
different times of the day. For example, one of the teachers was available during mornings, and the other one
was in the classroom all day. The author also observed children’s language use that English was mainly used
during mealtime (e.g., breakfast and lunch) (Lugossy, 20018).

In the immersion bilingual education model, children learn the second language that can be socially
dominant and prestigious. This bilingual education model was first applied in Canada (Baker, 2007). In
addition, Bayyurt (2012) suggested a content- based instruction for learning English as a second language. In
this model, concepts first are introduced to children in their first language (e.g., Turkish), and then a week later
these concepts are introduced in English. In other words, learning concepts in English follow learning them in
Turkish. It could be argued that learning English is a repetition of what they have learned in Turkish. In the
content- based model, learning English is not considered a situated activity (e.g., second language learning
taking place in classroom interactions and is used for different purposes). Instead, English is learned through
repetition and translation of content and concepts from Turkish.

Schwartz and Asli (2014) criticised these models for keeping language discrete and separate. In other
words, these models do not allow children to use languages flexibly. The authors suggested that flexible



AUJES (Adiyaman University Journal of Educational Sciences 7 3

language use supported children bilingualism, not ‘double monolingualism’ in classrooms (Schwartz and Asli,
2014, p.22). This referred to the concept of translanguaging that considered that children can use their full
linguistic resources to maximise their understanding and developing their second language learning. In recent
years, scholarship focused on this construct to understand and analyse children’s language use in classrooms’
interactions. Translanguaging allows children to use their multiple discursive practices (Garcia, 2009) and to
move between languages (Garcia and Wei, 2014). Researchers suggested that teachers can develop children’s
second language learning (e.g., English) in early childhood education (Mifsud and Vella, 2018; Schwartz and
Asli, 2014; Ting and Jintang, 2020). A recent study by Ting and Jintang (2020), which examined preschool
children’s English language learning in Malaysia, indicated that teachers used translanguaging to develop
children’ competence in English by providing cues and supporting children’s expressive skills. It is worth
highlighting that there are mainly two types of the use of translanguaging: pedagogy and practice.
Translanguaging as pedagogy is mainly supported and practiced by schools (Creese and Blackledge, 2015). But
translanguging as practice is used by individual teachers (Mary and Young, 2017. In other words,
translanguaging as practice is not officially supported by the curriculum. The private nursery in which this
research was conducted used translanguaging as pedagogy.

Method

This study was conducted between October 2019 and January 2020. Its method was ethnography,
which had a qualitative approach to data collection and analysis. Ethnography requires a researcher to observe
children in their social settings such as school on a long- term basis (Gregory, 2005). This method allowed the
researcher to observe how young children learn a second language (English) in classroom activities.
Ethnography was also chosen to document children’s learning as the time progresses. In other words, the goal
was to document how children’s English language learning changed during the process. The researcher wanted
to observe children’s learning in classrooms activities and interactions with each other and the teacher. In
addition, this paper drew on Copland and Creese’s (2015) concept of linguistic ethnography, which linked
learning to social contexts and aimed to find how children use language (Copland and Creese, 2015).

In this research, participant observation, and audio and video recordings were used as data collection
methods. Audio and video recorders were also used to record children’s interactions with the English language
teacher in classroom activities such as speaking and math. | visited the classroom one day peer week during the
fieldwork, and (each visit lasted around one hour). The researcher observed children’s participation in English
activities and how the children respond to the teacher during interactions. The researcher put the phone on the
top of a cupboard to record interactions while taking fieldnotes.

Setting and Participants

In Turkey, there are state funded and private nurseries. The state funded nurseries follow a unified
curriculum, meaning that every state-funded nursery applies the same programme although teachers can adapt it
to their local context in terms of activities. English as a second language can be taught only in a few state-
funded nurseries. However, private nurseries can teach young children English as a second language as these
preschools have their own programme. The data in this study was drawn from a study investigating children
learning English as a second language early years in a city in Turkey. The school had more than 80 children at
the time of the study. The participants children were 5 and 6 years old, and from socio- economically
advantaged families as the nursery was private and their family paid fees. The majority of the parents were
mainly from different cities and appointed by the government in different in state sectors.

In the school, there were four classrooms, of which had two teachers: the English language teacher and
preschool teacher. The English teacher (Ayse) was graduated from English Language and Literature department.
She had the postgraduate certificate in education (PGCE). Based on the teacher’s self-repots, she was not trained
to teach young children English. But she had in-service training to young children English. Each teacher was
responsible for each language in the classroom. The English teacher organised activities for English language.
The teachers defined their language model as flexible and activity- based. It was observed that their model can
be defined as co-teaching (Schwartz and Gorbatt, 2018). Because both teachers were in the classroom except
during music activities, which were given by a different teacher, and they helped each other to develop the
children’s learning. This paper focused on interactions taking place during English language activities.

Data Analysis

In this study, the collected data were given codes to make interactions understandable (Gibbs, 2007),
and then the codes were put into categories. The purpose of giving a code was to identify what took place in an
interaction. For example, “learning the nose” was considered a code to suggest that the children learn the lexical
item nose in English. This code was subsumed under the category expressive skills. This study used linguistic
ethnography that suggested an interpretive approach to and a bottom- up approach to data analysis (Copland and
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Creese, 2015). This means that a researcher works from data to theory. As the data were collected and analysed,
the researcher searched for and examined the literature on learning English as a second language. In other
words, the data and the researcher’s participant observations in the classroom guided the researcher to choose
the relevant literature.

Results and Discussion

This section will analyse the main categories that were emerged from the data. Three main categories
were identified: developing expressive skills, vocabulary learning and math learning. The teacher sometimes
nominates children to take on the role of a teacher to practice their learning. In such activities, the children sit on
chairs and the child teacher sits on the front of the other children. In the activity below, the teacher nominates
Emre to be a child teacher to ask his friends for the names of the body parts showed on the flashcards. The
interaction shows how the teacher translanguages to develop the child’s expressive skills.

Turkish is italic, and English is regular throughout.
Developing expressive skills
Excerpt 1: Learning the nose

1 Teacher: Emre, you are going to ask your friends questions.

2 Emre: What is this? [holds flashcard showing a nose]

3 Children: This is a nose.

4 Teacher: Emre, bir daha sor (ask one more time) [the other children do not say it loudly]
5 Emre: What is this?

6 Children: This is a nose [loudly] (Video recording, 25/11/2019)

In this excerpt, the teacher guides Emre to practise expressive skills in English (Turn 1). Emre, asks his
friends for answering what is shown on the flash card (Turn 2). The other children respond to him by saying that
is a nose (Turn 3), but it seems that the teacher is not satisfied with their response as she asks them for saying
loudly quietly (Turn 4). The teacher encourages Emre to ask for his friend again by saying “bir daha sor” in
Turkish (Turn 4). In other words, the teacher uses Turkish to guide Emre for repeating what he has said. He
asks his friends, and they respond to him with a higher tone (Turn 6). This excerpt shows that the teacher uses
the languages flexibly in order to develop children’s expressive skills. The children are emerging bilingual.
Because they are in the early stage of learning English as a second language. This interaction shows that the
children’s expressive language skills develop as they take on the role of the teacher (Gregory, 2001).

In the next interaction, the teacher asks the children where they come from. The purpose of examining
this activity is to show how the teacher develops the children’s English language learning. In this interaction,
the teacher nominates each child to say their hometown.

Fieldnotes 2: Defining their hometown

1 Teacher: Where are you from, Can?

2 Can: | am from Ankara.

3 Teacher: Where are you from, Ayla?

4 Ayla:... (silent)

5 Teacher: Soyle, nereli oldugunu. (say, where you are from)
6 Ayla: | am from Kastamonu (Fieldnotes, 01/11/2019).

In this excerpt, the teacher relates the activity to the children’s daily life via using both languages. The
teacher nominates Can and asks him to say his hometown (Turn 1). Can responds to her with a grammatically
sentence (Turn 2). The teacher asks another child to say where she comes from (Turn 3). Ayla does not respond
to the teacher (Turn 4). It seems that Ayla does not understand the question in English. Because Ayla responds
the question in Turkish (Turn 6). when the teacher asks her the question in Turkish (Turn 5).

The teacher supports the child’s language learning by using Turkish. This is an example of using the
languages flexibly in order to develop children’s English learning. In this interaction the children contextualise
their second language learning by saying the names of their hometown in English. In contrast to the strict
language separation model, the participant teacher follows and applies a language learning model that enables
her to help the children where necessary. Through translanguaging in this activity, the teacher scaffolds the child
to practise her new language (Wood et al., 1976).

In the activity below, the teacher introduces the children to occupations by using flashcards. The
following excerpt indicates how the teacher supports children’s vocabulary learning in a second language.
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Vocabulary learning
Fieldnotes 3: Learning the names of the occupations

1 Teacher: This is a mechanic (holds the flashcard of a mechanic)

2 Children: Mechanic (only a few children repeat)

3 Teacher: Mechanic, tamirci (mechanic) [the teacher says it in both languages]
4 Children: Mechanic [all children] (Fieldnotes, 08/11/2019).

In this interaction, the teacher translanguages to teach the children the mechanic occupation. First, the
teacher introduces the children to the occupation by showing the flashcard (Turn 1). The teacher wants the
children to repeat after her. Only a few children repeat what the teacher has said (Turn 2). This time, she says
the occupation in English and then in Turkish in order to enable the children to produce the vocabulary (Turn 3).
All the children repeat after her only in English (Turn 4). In this activity, the teacher develops children’s
vocabulary learning in English by providing the meaning of mechanic in Turkish. In so doing, the teacher helps
the children to understand the meaning of the mechanic occupation. This activity shows that the teacher
encourages the children to learn new vocabulary by using both languages at the same time. It seems that the
teacher’s use of Turkish stimulates children’s speaking skills (e.g., vocabulary learning) in English.

Math learning

The figure below was taken from a math activity in which the children developed their math skills. In
such activities, as the figure shows, the children are given the instruction in both languages. Figure 1: Learning
the geometric shapes.

Figure 1. shows the instructions for the names of geometric shapes in Turkish and English.

This is an example that shows that the children’s Turkish and English language develop through a
flexible model that allows both languages to be used in the activity. In this activity, the children’s language
skills such as math and art developed by tracing dots and, painting and learning the names of geometrical
shapes. In this activity, the children learn the names of geometric shapes and colours in English and Turkish as
well. This activity also indicates that young children can learn two languages simultaneously (Kenner, 2004)
without separating the languages.
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Figure 2. indicates children’ learning circles.

For this activity sheet, the instructions are given in both English and Turkish. This activity develops
children’s math skills in both languages. The children learn the concept of the circle in math. They also learn the
lexical items “draw” and “make” in English. They differentiate the lexical items from each other and practice
the items by tracing the dots and making a new circle.

Conclusion

This paper has examined children’s English language and literacy learning in a preschool setting. It
highlighted the role of flexible language use in learning a second language. The findings of this study were
vocabulary learning, expressive skills and math skills. This paper showed that the children’s second language
learning developed through participation in English language activities such as literacy and math. The excerpts
showed that vocabulary learning plays an important role in learning a second language. The more the child
knows vocabulary, the better s/he can develop her/his expressive skills. The children’s expressive skills
developed by taking on the role of the teacher. For example, in the excerpt 1 the teacher nominated the children
to instruct their friends by taking on her role (Gregory, 2001). This study supported Protassova’s (2018) study,
which investigated Russian immigrant children learning Finnish in Finland. Protassova used the concept of
translanguaging as a theoretical construct to examine children’s second language learning in a setting where
flexible language teaching model was used. The study demonstrated that the teachers organised activities that
improved children’s second language learning. She found that bilingualism had a positive effect on children’s
academic achievement. Their expressive language skills developed through translanguaging in the classrooms’
activities. That is, the findings contrasted with Lugossy’s (2018) study, which found that language separation by
teacher was effective only in children receptive skills.

Strict dual language programmes can constrain language use in classrooms. But translanguaging can
enable children to use their linguistic resources (Gort and Sembiante, 2015). In this study, the English language
teacher allowed the children to use both languages in order to develop their learning and to familiarise them
with literacy learning (e.g., vocabulary). This accorded with Gort and Sembiante’ (2015) study, which examined
children’s language learning in a dual language programme. Gort and Sembiante (2015) found that flexible
language use played an important role in children’s participation in classroom’s activities. The findings
supported Schwartz and Palviainen’s (2016) study that showed that two languages can be used or learned in
combination. As Figure 1 indicated, the children were given instruction in both Turkish and English in a math
activity. This enabled them to learn two languages simultaneously (Kenner, 2008). In so doing, the children
made sense of their new language through scaffolding from the teacher (Wood et al., 1976).

The children developed their speaking (expressive) and writing skills (see Figure 1) through
translanguaging. This study considered that when teachers teach a second language, they can have a holistic
approach to teach it. This meant that they do not necessarily focus on vocabulary learning and expressive skills.
They can also teach science and math in a second language. This study was at odds with Cetintas and Yazici’s
(2016) study that examined the preschool teachers and English language teachers’ views of teaching English in
early years education. Defining immersion method one teacher-one language, Cetintas and Yazici (2016) argued
that this had advantages for teaching children English. But their study missed an important point that children’s
learning is more likely to be limited in the immersion method as children need to want to use one language at
one time and the other language at another time. In other words, there can be a strict language use in the
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classroom. However, Garcia (2009) pointed out that children can maximise their language skills (e.g., speaking
and math) by using their new and first language at same time.

Recommendations

This study suggests that English should be taught along with Turkish in early years education. The
study understands that the language of instruction is Turkish in Turkey, but arrangements can be made by
policymakers to enable teachers in order to teach children English flexibly. The study had limitations. One of
the limitations was that it was conducted in one nursery. Another limitation was the number of participants that
could be considered short.
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Abstract

The concept of "Energy"”, which is one of the concepts directly related to vital activities increases in
importance day by day with the increasing technology and industrialization. For this reason, the concept of
"Energy" learned in primary, secondary and higher education programs has a privileged place in science
education as being an interdisciplinary concept. The aim of this study is to reveal the cognitive structures of pre-
service science teachers about the concept of "Energy" and to determine their misconceptions. In the study, a
survey model was used. The research was carried out with 95 pre-service teachers studying in the 3rd and 4th
grade of the faculty of education, science education program of a public university in 2018-2019. The data were
collected using the word association test (KIT) and the drawing-writing technique. The data were categorized
with the content analysis method. The model explaining the cognitive structures of pre-service science teachers
about the concept of "Energy" was prepared with the Vue program. As a result of the word association test
about the concept of “Energy”, the cognitive structures of the teacher candidates; It has been determined that it
focuses on the categories of "Energy types", "Scientific terms evoking the concept of energy" and "Energy
sources". In the study, it was determined that pre-service teachers had various misconceptions about the concept
of “Energy” in the data obtained from both the word association test and the drawings. It is recommended to
create learning environments that will ensure correct and meaningful learning by emphasizing conceptual
learning

Key words: Energy, Cognitive structure, Word association test, Drawing-writing technique, Misconception

Introduction

The aim of science education is to raise individuals who can understand and transfer scientific
knowledge correctly, think, question, develop problem solving skills, keep up with technological developments,
establish a cause and effect relationship, and have a contemporary scientific perspective (Balbag, Leblebiciler,
Karaer, Sarikahya & Erkan, 2016). Providing science education effectively is only possible with the complete
and correct learning of the concepts. In this context, it is clear that establishing and revealing cognitive
structures by establishing the correct relations between concepts plays a key role in the realization of conceptual
learning.

Shavelson (1974) defines cognitive structure as theoretical structures that show the conceptual
relationships in learners' long-term memories. Determining cognitive structures is very important in ensuring
that science educators understand how learners receive and construct information (Tsai & Huang, 2002).

In order to determine the cognitive structures; Alternative measurement and evaluation tools such as
word association test, branched tree, structured grid, concept maps, conceptual change texts, questionnaires, and
interviews are used (Bahar, 2003). Among these tools, the most used tools are the word association test
(Gussarsky & Gorodetsky, 1990; Isikli, Tagdere & Go6z, 2011; Koseoglu & Bayir, 2011; Kurt, 2013) and the
drawing-writing technique (Cetin, Ozarslan, Isik & Eser, 2013; Patrick & Tunnicliffe, 2010; Smith & Metz,
1996). With the word association test, it can be determined whether the relationships between the concepts in
the long-term memory are at a sufficient level while revealing the relationships between the cognitive structures
of individuals related to concepts and the concepts (Balbag, 2018; Cardellini & Bahar, 2000; Shavelson, 1974).
In this context, misconceptions can also be detected with independent word association tests (Bahar & Ozatli,
2003; Ercan & Tasdere, 2010). Nakiboglu (2008) stated that using traditional assessment and evaluation
methods is not enough to reveal the cognitive structures of learners, and word association tests are a convenient
method for revealing the conceptual change of learners as well as determining the reflections of cognitive
structures. When the drawing and writing technique is used, it can be provided to reveal the visual images of
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individuals related to their cognitive structures towards concepts (Ozden, 2009; Patrick & Tunnicliffe, 2010;
Reiss & Tunnicliffe, 2001). For this reason, the study carried out, it was aimed to obtain multidirectional data
by using the word association test and the drawing-writing technique.

While learning is taking place, individuals may also embed unscientific concepts in their cognitive
structures while constructing scientific and correct concepts.These non-scientific concepts are called
“misconceptions” or “alternative concepts” (Nussbaum & Novick, 1982; Skelly & Hall, 1993). Misconceptions
are expressed as behaviors resulting from false beliefs and experiences (Baki, 1999), and in a different
definition, they are expressed as information that is incompatible with scientific facts and prevents the teaching
and learning of concepts that have been proven by scientists (Chi & Roscoe, 2002; Cakir & Yiiriik, 1999).
Studies in the literature show that learners have difficulty in forming their cognitive structures (Stavridou &
Solomonidou, 1998; Tsai & Huang, 2002). While forming the cognitive structure, the fact that the information
to be learned is abstract is one of the leading factors that affect learning negatively (Ekici & Kurt, 2014).
Physics, chemistry, biology, and science courses in science education include not only concrete concepts
depending on the nature of each subject but also many abstract concepts. Abstract concepts cause the formation
of wrong / incomplete or misconceptions in the cognitive structure of the learners and this situation creates a
problem for both educators and learners (Yagbasan & Gilgigek, 2003).

The concept of "Energy”, which is one of the abstract concepts directly related to vital activities;
emerges as one of the most important issues and problems that human beings have emphasized from past to
present. Today, the increase in technology and industrialization creates a need for more energy use. For this
reason, the importance of learning and teaching the subjects related to energy sources, energy types, energy
conversion, energy transmission and energy conservation increases more and more. With the increase in
environmental problems in recent years, the concept of energy has started to come to the fore in the educational
dimension. In the studies carried out for the concept of "Energy" at all education levels; it is seen that thoughts
on the concept of energy are taken (Ayaz, Karakas & Sarikaya, 2016; Giiven & Siiliin, 2018; Kurnaz, 2007;
Trumper, 1990; Lin & Reping, 2003; Yiriimezoglu, Ayaz & Cokelez, 2009), different learning-teaching
methods are used to teach the concept of energy (Aydin & Balim, 2005; Marulcu & Hobek, 2014; Sarica &
Cetin, 2012) and misconceptions are detected (Ayaz, Karakas & Sarikaya, 2016; Chabalengula, Sanders &
Mumba, 2012; Solomon, 1982). The fact that “energy” can be associated with many different subjects is one of
the main factors that make it attractive to work on.

One of the most important features of the concept of “energy” is that it is an interdisciplinary concept
besides being an abstract concept. For this reason, it is learned in secondary education and higher education
programs starting from primary education and has a privileged place in science education (Kili¢ & Cerit Berber,
2018; Saglam Arslan, 2010; Toman & Odabasi, 2012). With science education, students have the knowledge
that they can apply in their lives by making the basic science concepts concrete (Coban, Aktamis & Ergin,
2007). While the concept of "Energy" has various forms such as Kinetic, potential, electricity, heat, light,
chemical, sound and geothermal, the concept of "Energy" is defined by highlighting different forms in different
disciplines.“Energy” is expressed as in chemistry lesson; the heat required to break the bonds between atoms
while chemical reactions take place and the heat released when bonds are formed (Karaca and Goktan, 2007:
p.77) in biology lesson; it is a concept that is needed for living creatures to survive and the sun is the main
source (Sagdig, Bulut, Korkmaz, Borii, Oztiirk, & Cavak, 2007: p.38) and in physics lesson; the ability to do
business (Trefil & Hazen, 2004). With a different expression, the "Energy" concept; is defined as a quantity
with types such as kinetic, potential, electricity and nuclear energy (Sahan & Tekin, 2007).

The concept of "energy" is included as subtopics in subjects belonging to various disciplines. For this
reason, it is stated that students construct the concept differently and encounter difficulties in inter-subject
association (Ayas et al., 2002). It is stated in the literature that the concept is considered difficult by students
from different disciplines and levels due to its abstract nature (Stylianidou, 2002; Opitz, Harms, Neumann,
Kowalzik, & Frank, 2015; Yuenyong & Yuenyong, 2007; Yiirlimezoglu, et al., 2009). Solomon (1982) found
that because the concept of energy is abstract, learners memorize energy concepts without thinking at all. In
studies conducted on the concept of "Energy" at primary, secondary and undergraduate levels, it was determined
that students have misconceptions about energy sources, energy conversion, energy transmission and energy
conservation (Opitz, Blankenstein, & Harms, 2017; Solomon, 1982; Toman, Karatas, and Cimer, 2013;
Trumper, 1990; Trumper, 1998). Kruger (1990), as a result of the study of 20 primary school teachers' thoughts
on the concept of energy, found that teachers had misconceptions such as "energy is about movement", “energy
is stored force", "energy is not conserved". Kose, Bag, Siiriicii and Ugak (2006) as a result of the study in which
they aimed to determine the misconceptions of science teacher candidates regarding energy and energy
resources, found that plants and animals have misconceptions about where they get energy. In the same study, it
was stated that most of the pre-service science teachers focused on the concept of energy in physics. Unal Coban

Aktamis and Ergin (2007) emphasized in their study that there are difficulties in understanding the concept of
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“Energy” because it is an interdisciplinary subject and that it should be handled with its physical, chemical and
biological dimensions in order to overcome difficulties.

When the studies in the literature are examined; It is seen that there are studies in which cognitive
structures for the concept of "Energy" are put forward and the level of conceptual understanding is examined by
using different methods and techniques at different learning levels. In the studies, the questionnaire consisting
mostly of open-ended questions, multiple choice test and interview technique (Duit, 1984; Kruger, 1990;
Kurnaz, 2007; Opitz, Harms, Neumann, Kowalzik, & Frank, 2015; Toman & Cimen, 2011; Yildirim, Onal, &
Biiyiik, 2019; Yirimezoglu et al., 2009), it was determined that a limited number of word association tests
(Cardak, 2009; Uyduran, 2019) were used. A study conducted by Giiven and Siiliin (2018) with pre-service
teachers in which the word association test and drawing and writing technique were used was found. However,
in the literature review, there is no study in which the word association test and the drawing and writing
technique for the concept of "energy" were used together and misconceptions were detected. In the literature, it
is seen that there are misconceptions in students at all levels regarding the concept of "Energy”. It is also very
difficult to reveal the cognitive structures that will enable us to determine what misconceptions are. In this
context, determining the opinions of individuals on the concepts is one of the prominent issues. With the word
association test, these thoughts can be explained with words and can be explained visually with the drawing and
writing technique. Considering that there are students who express their thoughts in different ways; this situation
creates an opportunity to express the concepts in a multifaceted way. Thus, versatile data can be obtained to
detect errors in students. In addition, students learn the concept of "Energy" in different lessons starting from
primary school. "Science lesson" is the first lesson in which students encounter the concept of "Energy".
Considering that they will see them in different courses in the future, they should be learned in the most
conceptually correct way. For this reason, it is very important to determine whether the pre-service teachers who
will teach in the secondary school science course know the concepts correctly. In this context, misconceptions
were investigated by using the word association test and the drawing and writing technique together in the
study. It is thought that the results of the study will contribute to the relevant literature by providing a different
perspective.

The aim of this study is to determine the cognitive structures and misconceptions of pre-service science
teachers about the concept of "Energy" by using the word association test and the drawing-writing technique.

In line with this main purpose, the following questions were sought:

o What are the cognitive structures of pre-service science teachers towards the concept of "Energy"?
o What are the misconceptions of pre-service science teachers about the concept of "Energy"?

Method

Research Model

A Survey model was used in this research. A Survey model is a research approach that aims to describe
a situation that has existed in the past or still exists (Karasar, 1999). In the study, the data about the cognitive
structures of pre-service science teachers for the concept of "Energy" was investigated in detail.

Research Group

The research was carried out with third and fourth grade students studying in the Science Teaching
Department of a state university in the Marmara Region in the 2018-2019 academic year. The selection of the
study group was influenced by the fact that the students studying in these classes had taken "General Chemistry,
General Physics and General Biology" courses in previous years and were close to the teaching profession. This
situation is suitable for purposeful sample selection. The purposeful sampling allows for the detailed
investigation of situations that are thought to have versatile information (Yildirim & Simsek, 2016). In this
context, 95 volunteer students participated in the research.

Data Collection Tools

Word association test (WAT) and drawing-writing technique were used in order to reveal the cognitive
structures of pre-service teachers regarding the concept of "Energy" and to determine their misconceptions.
Before starting the application, explanations were made to the students about the WAT and the application of
the drawing-writing technique, and application examples were given.

Word Association Test

Word association test consists of two parts. In the first part, the concept of "Energy" has been included,
leaving gaps for students to write what they think about the concept. In the word association test, pre-service
teachers should write the first ten words brought to mind by the main concept within 40 seconds (Gussarsky &
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Gorodetsky, 1990). For this reason, pre-service teachers were given 40 seconds. The main concept is written on
a single page. The reason for this situation; to prevent the possibility of chain response. If the pre-service
teacher does not return to the main concept in every word writing, he can write the words that he wrote as an
answer instead of the main concept (Bahar & Ozatli, 2003).

In the second part, pre-service teachers were asked to write a sentence about the concept of "Energy"
within 20 seconds. The reason for this is the possibility that the words related to the main concept can only be at
the recall level or words that do not have a meaningful relationship with the main concept (Nartgiin, 2006). In
addition, since the "related sentence” written by pre-service teachers will have a more complex and higher level
structure compared to a single word, whether the sentence is scientific or not and whether it contains
misconceptions will affect the evaluation (Ercan & Tasdere, 2010).

The WAT for the concept of "Energy" is organized as follows:

Data Analysis

The data collected with the measurement tool were analyzed by content analysis. Content analysis; It is
a scientific method that enables objective and systematic evaluation of verbal, written and other materials
(Tavsancil & Aslan, 2001). With content analysis, similar data are organized by gathering under certain
concepts and categories (Lichtman, 2010). Content analysis; consists of processing data and extracting codes,
creating themes, arranging codes and themes by associating them, defining the findings and making comments
(Y1ildirim & Simgek, 2016). All the data of the study were analyzed following these steps.

In the word association test, a frequency table expressing the frequency of repetition of the concepts
used by pre-service science teachers concerning the concept of "Energy" was prepared. The words that were
repeated only once by the participating pre-service science teachers and not related to other words and the
subject were not taken into consideration (Kostova & Radoynovska, 2008; Kurt, 2013). The reason for this; It is
difficult to create a concept network consisting of meaningful categories from these words used in large
numbers. In the analysis process, words were categorized using semantic relationship criteria. There are many
studies in the literature showing that this type of data analysis technique gives reliable results (Kostova &
Radoynovska, 2008; Kurt, 2013). While analyzing the data, the model of the pre-service science teachers’
cognitive structures related to the concept of "Energy" was prepared with the VVue program.

The sentences expressed by pre-service science teachers related to the concept of "Energy" were
categorized as sentences containing scientific information, sentences containing non-scientific and superficial
information, and sentences containing misconceptions, using the table developed by Ercan, Tasdere, and Ercan
(2010).

If the related sentence is scientifically correct and related to the concept, the sentence containing
scientific information; If it is not scientific, reflects feelings and thoughts used in daily life, unscientific and
superficial sentence; If expressing the concepts using different and incorrect expressions, it is determined as a
sentence containing misconception.

Validity and Reliability Study

Validity of research results; coding of data, detailed explanation of the analysis process (how to reach
the conceptual category) (Hruschka, Schwartz, St. John, Picone-Decaro, Jenkins & Carey, 2004) and it was
provided by giving the opinions of the pre-service science teachers in the findings section. After the data of the
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study were coded separately by two science education experts, the code and category list were finalized.
Reliability of data analysis; It was calculated using the formula [Agreement / (Agreement + Disagreement) x
100] (Miles & Huberman, 1994). The average reliability between coders for the research performed was found
to be 90%.

Results

In this part of the research, the findings obtained by analyzing the data collected by the word
association test and the drawing and writing technique are included.

Findings Obtained According to the Word Association Test Data

As a result of the analysis of the data showing the cognitive structures of the pre-service science
teachers regarding the concept of "Energy", it was determined that they associated 80 concepts with the main
concept of "Energy". These 80 concepts have been repeated 936 times in total. Among all concepts, 67 concepts
that have been repeated 881 times were collected in 7 main categories. The category with the highest frequency
among the specified categories is the category of "Energy types". This category is followed by "Scientific terms
evoking the concept of energy", "Energy sources”, "Situations that provides energy formation", "Properties of
energy”, "Contribution of energy to daily life" and "Affective effect of energy" categories. If these words are
repeated once, if they are not meaningful and not related to the concept, they are not combined with other
answer words (Kostova & Radoynovska, 2008; Kurt, 2013). For this reason, 17% (13 words) of the words given
as answers were not included in the categories. Charge (7), universe (7), vibration (6), Chernobyl (6), particle
(6), brain (5), effect (4), formula (4), acceleration (4), organism (2), explosion (2), reaction (1) and cell (1) the
concepts that do not fall into any category were repeated 55 times in total. In this context, the distribution of the
cognitive structures of the pre-service science teachers obtained by the word association test on the concept of
"Energy" by categories is given in Table 1.

Table 1. The distribution of the cognitive structures of the pre-service science teachers obtained by the Word
Association test on the Concept of "Energy" by categories

Included in the Categories Total

Concepts and Frequencies Frequencies

Categories

Potential Energy(58)
Kinetic Energy (55)
Heat Energy(37)
Mechanical Energy(35)
Motion Energy (32)
Energy types Electrical Energy (31) 317
Nuclear Energy (20)
Chemical Energy (20)
Light energy (20)
Sound Energy(5)
Geothermal Energy(4)

Power (22)
Joule(21)
Mass (19)
Speed (15)
Work (15)
Temperature (13)
Calori (10)
Atom(10)
Force (10)
Einstein (6)
Scientific terms Energy pyramid (6) 208
evoking the concept Relativity (6)
of energy Matter (5)
Newton(5)
Tesla(5)
Essence (5)
E=mc’ (5)
Science (5)
Thermodynamics (5)
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Enthalpy (5)

Entropy (4)

Exothermic reaction (4)

Endothermic reaction (4)

Quantum(3)

Sun (45)

Renewable energy sources (24)

Wind (21) 120
Energy sources Non-renewable energy sources (10)

Battery (10)

Water (5)

Molecule breakdown (5)

Eating (25)

Collision of subatomic particles (13)

Human body (10)

Situation that Power Plants (8)
provides energy Mitochondria (6)
formation Friction (6) 82

Breathing (5)
Eating chocolate (5)
Fission-fusion (4)
Conservation (27)
Transformation (20)
Produced (15)
Consumable (5) 77
Savings can be achieved (5)
Shopping (5)
Allows to live (19)
Contribution of Physical activity (13) 41
energy to daily life Technology (5)
Photosynthesis (4)
Positive energy(13)
Negative energy (5)
Love (5) 36
Affective effect of Metaphysics (5)
energy Dance pleasure (4)
Coffee enjoyment (4)

Properties of energy

67 881

As seen in Table 1, according to the answers given by pre-service science teachers to the word
association test, "Energy types" for the main concept of "Energy" was determined as the first category (f = 317).
Under this category, 11 words were determined. The first 6 words that are frequently repeated among these
words are "potential energy"”, "kinetic energy"”, "heat energy"”, "mechanical energy", "motion energy" and
"electrical energy". It was determined that other pre-service science teachers focused on the concepts of "nuclear

chemical energy", "light energy", "sound" and "geothermal energy".

energy",

According to the answers given by pre-service science teachers to the word association test, "Scientific
terms evoking the concept of energy" for the main concept of "Energy" was determined as the second category
(f = 208). Under this category, 24 words were determined. The first 6 words that are most frequently repeated
among these words are "power", "joule”, "mass", "speed"”, "work", "temperature". It has been determined that
other preservice teachers focus on the concepts of “calori “,”atom”,* force”, “Einstein™, “energy pyramid”,
“relativity”, “matter”,“Newton’, “Tesla”,“essence”, “B=mc®”, “science”, “thermodynamics”, “enthalpy”,

EIINT3 G

“entropy”, “exothermic reaction”, “endothermic reaction” and “quantum”.

According to the answers given by the pre-service science teachers to the word association test, for the
main concept of "Energy"”, "energy sources" was determined as the third category (f =120). Under this category,
7 words were determined. The first 4 words that are most frequently repeated among these words are "Sun",
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"renewable energy sources”, "wind" and "non-renewable energy sources”. It was determined that other pre-

service science teachers focused on the concepts of "battery"”, "water" and "molecule breakdown™.

According to the answers given by pre-service science teachers to the word association test, for the
main concept of "Energy","Situations that provides energy formation™ was determined as the fourth category (f
= 82). Under this category, 9 words were determined. The first 3 words that are most frequently repeated among
these words are "eating", "collision of subatomic particles” and "human body". It was determined that other pre-

service science teachers focused on the concepts of "power plants”, "mitochondria”, "friction"”, "breathing",
"eating chocolate" and "fission-fusion".

According to the answers given by the pre-service science teachers to the word association test, for the
main concept of "Energy"”, the "Properties of energy” was determined as the fifth category (f =77). Under this
category, 6 words were determined. The first 3 words that are most frequently repeated among these words are

"conservation”, "transformation” and "produced”. It was determined that other pre-service science teachers

focused on the concepts of "consumable”, "savings can be achieved" and "shopping".

According to the answers given by pre-service science teachers to the word association test, for the
main concept of "Energy","Contribution of energy to daily life" was determined as the sixth category (f =41).
Under this category, 4 words were determined. The word that is most frequently repeated among these words is
the word "allows to live". It was determined that other pre-service science teachers focused on the concepts of

"physical activity", "technology" and "photosynthesis".

According to the answers given by pre-service science teachers to the word association test, for the
main concept of "Energy", "Affective effect of energy" was determined as the seventh category (f= 36). Under
this category, 6 words were determined. The most frequently repeated of these words is the word "positive
energy”. It was determined that other pre-service science teachers focused on the concepts of "negative energy",

"love","metaphysics","dance pleasure","coffee enjoyment".

Findings Regarding the Sentences That Pre-Service Science Teachers Made About the Concept of
"Energy"'

In order to reveal the knowledge structures of the pre-service science teachers about the concept of
"Energy" in detail, the sentences expressed concerning the concept of "Energy" were analyzed depending on
their relationship with the concept and divided into categories according to their meanings. At this stage, while
it was determined that some of the pre-service science teachers did not write sentences, most of the pre-service
science teachers have defined the concept of energy and its types, explained the properties of energy,
emphasized energy sources, and explained its usage areas in daily life.

When the sentences are evaluated under the specified categories;

The pre-service science teachers’, according to the category of "Energy types"; it has been determined
that have misconceptions such as "There are 3 types of energy: potential, kinetic and mechanical.

The pre-service science teachers’, according to the category of "Scientific terms evoking the concept of
energy"; has been determined that they have statements that contain scientific information such as "The unit of
energy is Joule." and they have misconceptions such as "It is the power required for an object to do work.", "It is
the force that exists in matter in the universe." and "It is what is necessary for living things to move".

The pre-service science teachers’, according to the category of "Energy resources"; it has been
determined that they have statements that contain scientific information such as "The sun is the most important

source of energy.", "There are renewable and non-renewable energy sources.”" and "Wind is a renewable energy
source."

The pre-service science teachers’, according to the category of “Situations that provides energy
formation”; it has been determined that they have statements that contain scientific information such as "As a
result of breathing with oxygen, 38 ATP energy is obtained."

The pre-service science teachers’, according to the category of “Properties of energy”; it has been
determined that they have statements that contain scientific information such as "Energy cannot be created out
of nothing and the existing energy cannot be destroyed.", "Energy can be converted." and "Energy is always
conserved in the universe." and besides this, they have misconceptions such as "The energy is running out." and
"Only living things have energy."

The pre-service science teachers’, according to the category of “Contribution of energy to daily life”; it
has been determined that they have statements that contain unscientific and superficial sentences such as
"Energy provides living."
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The pre-service science teachers’, according to the category of “Contribution of energy to daily life”; it
has been determined that they have statements that contain unscientific and superficial sentences such as
"Energy provides living."

The pre-service science teachers’, according to the category of “Affective effect of energy”; it has been
determined that they have statements that contain unscientific and superficial sentence such as "Life is beautiful
thanks to the positive energies.”,"l have no energy today." and “"Energy is enjoying coffee."

In this context, it can be said that pre-service science teachers have scientific knowledge about the
concept of "Energy" but at the same time have quite a number of misconceptions. As a result of the analysis of
the obtained data, a model was created that visualizes the cognitive structures of pre-service science teachers
towards the concept of "Energy" (Figure 1).
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Figure 1. The cognitive structure of pre-service science teachers determined by the word association test on the
concept of "Energy

As seen in Figure 1, the conceptual structures of pre-service science teachers related to the concept of
"Energy" have emerged concerning 7 categories.

Findings Obtained According to the Drawing-Writing Technique Data

The conceptual structures created by the drawing-writing technique that support the cognitive model
(Figure 1) associated with the concept of "Energy" of pre-service science teachers are shown in Figure 2. It was
determined that the conceptual structures of the pre-service science teachers, for the concept of "Energy" are
related to three categories.
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Figure 2. cognitive structure of pre-service science teachers determined by the drawing-writing technique
related to the concept of "Energy"

The drawings of the pre-service science teachers on the concept of "Energy" were collected under 3
categories. These categories are; "Energy types (45)", "Energy sources (30)" and "Energy properties (17)".
Examples of the drawings of the pre-service science teachers, related to the concept of “Energy"”, their

categories and frequency values are shown in Table 2.

Table 2. Distribution of preservice science teachers' cognitive structure determined by the drawing-writing
technique related to the concept of "Energy" and drawing samples
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From the drawings of the pre-service science teachers, about the concept of "Energy"; it has been
determined that they drew heavily thinking about energy types and in such a way that the concepts of potential
and kinetic energy are dominant. These are followed by drawings related to energy resources, primarily wind
and solar energy and it has been observed that they express the properties of energy at a low rate in a way to
relate the conservation and transformation of energy.

Discussion-Conclusion

In this study, which aims to reveal the cognitive structures of pre-service science teachers related to the
concept of "Energy" through word association test and drawing-writing technique, and to determine their
misconceptions, multifaceted data supporting each other was obtained. In this context, the data obtained through

the word association test are collected in 7 categories in total (“Types of energy", "Scientific terms evoking the
concept of energy”, "Energy sources", "Situations that provides energy generation", "Properties of energy",
"Contribution of energy to daily life", “Affective effect of energy”), 3 categories were determined with the
drawing and writing technique (“Types of energy”,“Energy sources”, ‘Properties of energy”). When the
categories were examined, it was determined that there were more categories obtained by the word association
test. It has been determined that the categories of "Scientific terms evoking the concept of energy”, "Situations
that provides energy formation", "Contribution of energy to daily life" and "Affective effect of energy" did not
appear in the drawing-writing technique. In the light of the answers received as a result of the application of
both techniques; it has been determined that the pre-service science teachers, frequently concentrate on potential

and Kinetic energy types among energy types, on the sun, renewable energy sources, non-renewable energy
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sources and wind among energy sources, on conservation, transformation and production concepts regarding the
properties of energy.

The obtained results show once again the importance of using various measurement tools in academic
studies in a way that supports each other in order to obtain qualified data. In the study, while the students
explained the word association test for the concept of "Energy" in writing, they also had the opportunity to
express their thoughts by drawing in the drawing and writing test. Although the results support each other, the
fact that some concepts that are not obtained in one technique can be obtained with another technique shows the
richness of the data obtained from the study.

The pre-service science teachers’ from the data obtained using the word association test and drawings
about the concept of "Energy"; it has been determined that they have misconceptions and incomplete
information such as "There are 3 types of energy, potential, kinetic and mechanical.”, "It is the power required
for an object to do work.", "It is the force that exists in the matter of the universe.”,"The energy is running out.”
and "Only living things have energy.". In parallel with these results obtained in the study, it was found that there
were similar misconceptions in the results of the studies on the concept of "Energy" carried out with pre-service
science teachers and students had difficulties in understanding the concept of energy (Kruger, 1990; Kose et al.,
2006; Kurnaz, 2007; Toman and Cimen, 2011; Trumper, 1996; Trumper, 1998). It can be thought that the
reason for this is that the concept is abstract and therefore they cannot form the different sub-concepts related to
the concept in their mind in a holistic way or they cannot learn the subjects completely and correctly.

It was determined that pre-service science teachers focused on the concepts of potential energy and
kinetic energy under the category of "Energy Types". It is seen that the number of students talking about other
types of energy such as heat, mechanics, motion, and electricity is less. This result shows that students do not
have enough information about energy types. Similar results were obtained when the drawings of the pre-service
science teachers were examined. Parallel to this result obtained from the research, Kurnaz (2007) conducted a
study conducted to determine the teaching and learning situations of the concept of "Energy" at the first grade of
the university; he found that most of the students do not know the types of energy and that the meaningful
relationship between kinetic and potential energy cannot be established with mechanical energy. It can be
thought that the reason for this result may be because the pre-service science teachers learned the concept of
energy with the contents containing a high level of theoretical knowledge in different courses and because of the
limited lecture environments where they can learn by doing different types of energy. When the sentences
written by the pre-service science teachers are examined, regarding the category of "Energy types"; "There are 3
types of energy: potential, kinetic and mechanical."; it has been determined that they have misconceptions in the
form. Similar to the results of the study, Giilcicek and Yagbasan (2004) concluded that the students did not
know that the mechanical energy value of the system was the sum of the kinetic and potential energy values.

Under the category of "Scientific terms evoking the concept of energy"”, the pre-service teachers
primarily emphasized the concepts of power, joule, speed, work, temperature, mass, calorie, atom and force.
This result is an indication that pre-service teachers have information about the unit of energy, but they have
confusion about concepts regarding the definition of energy. When the drawings of the pre-service science
teachers were examined, it was found that no drawing was made in this category. When the sentences written by
the pre-service science teachers are examined, in parallel with the results obtained from the concepts in the word
association test, the "Unit of energy is Joule." while it was determined that they could write expressions
containing scientific information in the form of however, it has been determined that they have misconceptions
such as "Energy is the power required for an object to do work.", "Energy is the force that exists in matter in the
universe." and "Energy is what is necessary for living things to move.". The reason for this situation is thought
to be because the differences between the concept of "Energy" and concepts (such as power, force) at primary
education, secondary education and even undergraduate level cannot be fully distinguished in the teaching
process. The fact that these concepts are used interchangeably in daily life is an indicator of this. The findings
showing that the pre-service science teachers confused the concept of energy with the concept of force and
power, obtained in the study, support the findings obtained by different researchers (Kruger, 1990; Trumper,
1998; Tomanve Cimer, 2011; Watts; 1983). Similarly, the result that the science teacher candidates obtained in
the study associated the concept of "energy" with movement was also found in Watts's (1983) study. Also, in a
different study, it was found that there was a misconception among pre-service science teachers that "People
gain energy by moving" (Toman & Cimer, 2011). Trumper (1998) at the end of a 4-year study investigating the
perceptions of pre-service teachers on the concept of "Energy"; it was determined that pre-service teachers'
perceptions increased, but they had misconceptions about energy. Trumper found that pre-service teachers
perceive energy as a tangible entity and confuse the concepts of energy and force. Bayram, Sahin, and Giirdal
(1999), in their study with pre-service physics, chemistry and biology teachers who were preparing for primary
education, found that the teacher candidates could not establish an inter-conceptual relationship on “Energy”.
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The pre-service science teachers frequently focused on the concepts of sun, renewable energy sources,
wind, non-renewable energy sources under the category of "Energy Resources". Concepts such as non-
renewable energy resources and water have been expressed very little. It is noteworthy that there is no mention
of many different energy sources such as wave, hydrogen, hydroelectric, biomass, geothermal energy. This
result shows that pre-service teachers do not have a sufficient level of perception on this issue. It has been
determined that the concepts of wind and sun are predominantly used in the drawings of the teacher candidates.
Similar to the results obtained in the study, Sara¢ and Bedir (2014) found that 10 classroom teachers had a lack
of knowledge about renewable energy sources as a result of their research conducted to determine the
perceptions of classroom teachers about renewable energy sources. In the same study, it was determined that
some of the teachers confuse renewable and non-renewable energy sources. As a result of the study, it was
concluded that there is a need for educational trips, materials and seminars related to the teaching of energy
resources. Yildirim et al. (2019), in their study with 8" grade students, found that although there are different
energy sources, the students do not include other sources than Sun, wind and water in their drawings about these
sources. This situation is an indication that the knowledge about energy resources is not at a sufficient level in
secondary school and as seen at the end of the study, there is not much change at the undergraduate level. One
might think that the reason for this is that the lessons are taught with the emphasis on the concepts of wind and
Sun in all education level lessons on “Energy resources”.When the sentences written by the pre-service science
teachers are examined, regarding the "Energy resources" category; "The Sun is the most important energy
source.”, "There are renewable and non-renewable energy sources.” and "Wind is a renewable energy source.";
it was determined that they made sentences containing scientific information and did not make any sentences
showing that they had misconceptions. This result shows that the pre-service science teachers have limited
knowledge about the subject, but they do not have any errors.

It was determined that pre-service science teachers primarily focused on the concepts of eating, the
collision of subatomic particles, breathing and friction under the category of "Situations that provides energy
formation". When the drawings were examined, no drawing was found for this category. When the sentences
written by pre-service science teachers are examined,"38 ATP energy is obtained as a result of breathing with
oxygen."; it was determined that they made sentences containing scientific information in the form of. This
result shows that the pre-service teachers have limited knowledge about the subject, but they do not have any
errors. It was determined that the pre-service teachers focused primarily on the concepts of conservation,
transformation and producible under the category of "Properties of energy". It is seen that a smaller number of
students have expressed the concepts of consuming, saving and shopping. This situation shows that the pre-
service teachers have ideas about some properties of energy but they have misconceptions about some of its
properties. When the drawings were examined, it was determined that they made drawings related to the
concepts of conservation and transformation. The findings obtained support each other. When the sentences
written by the pre-service science teachers are examined, in parallel with the results obtained from the concepts
in the word association test, it has been determined that they wrote statements containing scientific information
such as"Energy cannot be created from nothing and existing energy cannot be destroyed.”, “Energy is
converted” and "Energy is always preserved in the universe *“ and besides this, it has been determined that they
have misconceptions in the form such as "Energy is exhausted." and "Only living things have the energy.". It is
thought that the reason for this may be that the pre-service teachers did not learn the subject of energy in
learning environments where they can see that energy can be transformed, not exhausted, and can make
experimental practices.This situation is parallel to the findings obtained in existing studies (Kruger, 1990; Liu,
Ebenezer, & Fraser, 2002; Watts.,1983). Kruger (1990), in a study conducted with 20 elementary school
teachers, researched the teachers' understanding of the concept of "Energy". It has been determined that they
have misconceptions such as "Energy is about movement", "Energy is consumed", "Energy is not conserved".
Watts (1983) found similar misconceptions in the study that "Only living organisms have energy".

It has been determined that pre-service teachers primarily focus on the concepts of physical activity and
provide living under the category of "Contribution of energy to daily life".Fewer students used the concepts of
technology and photosynthesis. When the drawings and sentences of the preservice teachers were examined, no
data related to this category was found.This situation can be considered as an indication that students cannot
relate the concepts they learn in lessons with daily life. In parallel with the results obtained, different studies
conclude that students experience confusion of concepts between the scientific knowledge they have learned at
school and the concept of energy they use in daily life (Toman & Cimer, 2011).

It was determined that pre-service science teachers primarily focused on the concept of positive energy
under the category of "Affective effect of energy". It was determined that other pre-service science teachers
focused on the concepts of negative energy, love, metaphysics, dance pleasure, and coffee enjoyment. The result
shows that the cognitive structures of pre-service teachers for the concept of energy, which is a versatile
concept, have concepts that create a considerable affective effect. The preservice teachers did not draw for this
category. When the sentences written by the science teacher candidates are examined, parallel to the results
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obtained from the concepts in the word association test, It was determined that they express non-scientific
sentences containing superficial information such as "Life is beautiful thanks to positive energies.”, "I have no
energy today."” "Energy is enjoying coffee.".This situation is an indication that pre-service science teachers
cannot correctly associate scientific concepts with their life practices. Similar to the results obtained from the
study, it is stated in the studies that students have difficulties in perceiving these concepts and in structuring
them by associating them with daily life because some subjects and the concepts related to these subjects are
mainly abstract and the theoretical part is mainly taught (Anagiin, Agir & Kaynas, 2010).

When all categories are examined, it is seen that the students use concepts related to physics subjects
intensively about the concept of energy. However, the subject of energy is a common concept in all the subjects
of physics, chemistry and biology. It has been determined that the concepts related to biology and chemistry
course contents are quite limited in the cognitive structures of pre-service teachers. Kose, Bag, and Siiriicii
(2006) obtained similar results in the study. In a different study, Carr and Kirkwood (1988) observed 3 teachers
teaching activities related to the concept of "Energy" in biology, chemistry and physics lessons for 3 years in
order to investigate teachers' perceptions about the concept of "Energy", and as a result of the research, they
found that teachers teach energy limited to their fields. The results obtained show that the concept of "Energy"
should be given together with the integration of physics, chemistry and biology at all levels from primary school
to higher education.

The results of the study indicate that the cognitive structures of pre-service science teachers related to
the concept of "Energy" should be developed more consciously and purposefully. Regarding the correct
perception and use of the concept of “Energy”, it can be said that the reason for the inadequacies in the cognitive
structure of pre-service science teachers is the negativities they have encountered in their education process at
primary and secondary education level as well as the negativities they experience during their university
education. This situation is very important for prospective teachers who will become teachers. For this reason, it
is extremely important to ensure correct and meaningful learning in pre-service teachers by bringing conceptual
learning to the forefront at all educational levels starting from primary school. In this context, in order to give
students conceptual understanding; it is suggested that primarily the science education curriculum, as well as the
curriculum of physics, chemistry and biology courses, which include subjects related to the concept of energy,
should be arranged in a way that enables conceptual learning. In addition, it will be effective to make sense of
the concept by associating it with other lessons, providing learning environments that enable students to actively
participate in the lesson and make experimental applications. As a result, qualified generations are the work of
qualified teachers. For this reason, it should not be forgotten that teacher education is an issue that should be
emphasized. It is thought that the results obtained from the study will contribute to similar studies in which
cognitive structures are analyzed and misconceptions are determined in the future.
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Abstract

Measurement and assessment literacy of teachers is important not only to measure student performance
but also to evaluate the functioning of the education system and to decide whether the education given by
teachers is qualified. In this study, assessment literacy inventory was applied to 189 secondary school teachers
from different branches to determine teachers' measurement and assessment literacy levels. It was discovered
that the measurement and assessment literacy level of the teachers was low. It was also found that measurement
and assessment literacy levels of the teachers significantly differ by professional seniority and branch. Also, in
the study item examination skill test was applied to secondary school mathematics teachers to determine the
relationship between secondary school mathematics teachers' measurement and assessment literacy levels and
their skill to examine items appropriate to attainment and grade level. A moderately significant positive
correlation was found between the teachers' skill to examine items appropriate to educational attainment and
grade level, and their measurement and assessment literacy levels. Due to the low measurement and assessment
literacy level of secondary school teachers, studies such as seminars or training on this subject can be conducted.
Practical activities can also be conducted along with the theoretical information on the subject.

Keywords: Measurement and Assessment Literacy, Teacher Competencies, Item Examination Skills

Introduction

The general aim of education is to equip individuals with the knowledge and skills required by the era
and make them ideal individuals for their society. Individuals should be trained in a way to be able to adapt and
make a contribution to adjustments and trends in the world and society. This can be ensured by qualified
teachers along with a good education system (Dilaver, 1996). Education is a process and this process has three
basic components: teacher, student, and curriculum. Raising individuals with the desired characteristics and
ensuring quality, effective and efficient education is straight associated with the tightness of the hyper between
these three primary elements. The most important role among these components belongs to the teacher (Arslan
& Ozpinar, 2008; Bulut, 2009; Kavas & Bugay, 2009; Kus & Celikkaya, 2010).

Teacher competence refers to the knowledge, skills, and attitudes that teachers will need to have to be
able to find a way to meet the education career successfully and efficiently. The fact that teachers have these
competencies is very important in increasing students’ success and developing student personality (MEB,
2017a). In other words, the development of teachers' professional competencies increases the quality of
education (Aybek, 2017).

Newfields (2006) explained the importance of measurement and assessment as follows. Measurement
and assessment are a common part of all education systems in the world. It helps to understand how education
programs work and enables teachers to see their performance. The more convenient and efficient the
measurement and assessment applications are used, the more the student's learning performance will increase
(Mertler & Campbell, 2005). Measurement and assessment help to determine and interpret student’s readiness
and to correct the deficiencies with the results obtained, so the student's learning quality is improved (Black &
Wiliams, 1998). According to the studies, teachers spend 50% of their time with activities that include
measurement and assessment (Plake, 1993). This very importance of measurement and assessment has brought
along many pieces of research examining the competencies of teachers in measurement and assessment.

The concept of literacy is generally defined as the ability to read and write, but other than that, it is also
used in the sense of knowledge and competence of individuals in a particular subject area (Koh, Burke, Luke,
Gong, & Tan, 2017). Measurement and assessment literacy is the knowledge and skill of right management to
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detect the effectiveness of the curriculum and to evaluate students’ success by selecting, developing, applying,
scoring, managing, informing, and transmitting the results of the measurement tools in line with ethical rules
and principles (Koh, et al., 2017).

The concept of measurement and assessment literacy was first introduced in 1991 by Richard Stiggins.
According to Stiggins, measurement and assessment literate educators comprehend what they measure, why
they measure, how they measure, what are the possible problems related to measurement, and the way to
forestall these problems. It is also argued that educators are acquainted with the miserable penalties of improper
and insufficient assessment. (Stiggins, 1991).

Measurement and assessment literacy consists of understanding basic measurement and assessment
concepts and procedures that affect an individual's decisions about education (Popham, 2018). Fundamental
concepts of measurement and assessment such as validity, reliability, and fairness refer to the methods and
procedures used when creating or evaluating a test. Measurement and assessment literacy is the ability of a
teacher to measure, interpret what the students learned, and use the measurement and assessment results
obtained to improve student’s learning and improve the quality of education provided (Webb, 2002).

A measurement and assessment literate teacher should be able to choose the most appropriate
measurement tool to realize teaching achievements (Gottheiner & Siegel, 2012). They need to have the ability to
appreciate the reliability of this measurement and assessment tool, know the concepts such as reliability and
validity, and be aware that these concepts are effective in making educational decisions (Popham, 2011). A
teacher who is measurement and assessment illiterate falls into a systematic error because s/he cannot ensure the
reliability and structural validity of the measurement tool to be used, and this endangers the education system by
making false assessments and taking false decisions (Lai Waltman, 2008).

In a study conducted in 2006, Newfields explained the importance of measurement and assessment
literacy for three persuasive reasons. First, measurement and assessment are common features of many
education systems. Teachers spend greater than half their time on measurement and assessment activities, and
most school budgets and time are spent on standardized tests. Second, it provides an understanding of the
literature on education. Understanding the basic statistical concepts provides a critical approach to a piece of
research, otherwise, the research moves away from the reality of science and unfounded knowledge emerges.
Finally, being a measurement and assessment literate teacher allows conveying results about the general
condition of the class to others. In this way, the teacher shares his research with other colleagues and results that
encourage learning.

Measurement and assessment competencies are the knowledge and skills that a teacher should have as
an educator. The inadequacy of teachers in measuring and evaluating student development has revealed the need
to develop measurement and assessment competence standards (AFT, NCME & NEA, 1990). The first study on
measurement and assessment standards was conducted in 1987 in collaboration with the American Federation of
Teachers (AFT), the National Council on Measurement in Education (NCME), and the National Education
Association (NEA). This project, carried out by the committees, was completed in 1990. In time, many
committees and researchers made efforts to develop standards similar to those established by this committee.
One of these is the 11-item measurement and assessment standards developed by Brookhart in 2011 by
improving the 1990-standards. In Turkey, the first studies on teacher competencies started in 1998. The current
version is given by examining the teacher competence documents of organizations such as the International
Labor Organization (ILO), the Organization for Economic Development and Cooperation (OECD), the United
Nations Educational, Scientific and Cultural Organization (UNESCO), the European council and countries such
as Finland, England, Canada, and Singapore. (MEB, 2017). Tablel presents the measurement and assessment
standards prepared by this committee and individuals.

Table 1. Measurement and Assessment Standards

MoNE (Ministry of National

AFT, NCME, and NEA (1990) Brookhart (2011) Education) (2017)

To have the ability to select To prepare and use
measurement and assessment To have the knowledge of subject measurement and assessment
methods suitable for teaching area related to the field tools suitable for students'

decisions developmental features
To reveal the situations that are

To have the ability to develop

measurement and assessment

methods suitable for teaching
decisions

compatible with the content and depth To use process and result-
of thought determined by the oriented methods in
curriculum objectives and standards measurement and assessment
during the assessment
To have the ability to interpret, To have a strategy to communicate To make measurement and
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score and manage the results of
measurement methods

To have the ability to use
measurement and assessment
results when making decisions
about education

To have the ability to develop a
valid grading system to be used in
student assessment

To have the ability to transmit
measurement results to students,
parents, educators and individuals
To be aware of ethical and illegal
practices

with students about their success

To know the philosophy, purpose,
advantages and disadvantages of the
assessment methods preferred

To make item analysis of questions,
to know performance assessment
content for thought skills and special
information
To have the ability to provide
feedback that is useful and effective
in activities of the students
To have the ability to create a scoring
key for student success assessment

28

assessment objectively and
fairly
To provide accurate and
constructive feedback to
students and others according
to the results of measurement
and assessment
To rearrange the teaching and
learning processes according to
the results of measurement and
assessment

To have the ability to interpret the
results of decisions related to
students, class, school and regions
and to manage external assessments
To be able to explain and interpret the
decisions taken according to the
results of the assessment to the people
they serve with related reasons
To ask students for help in using
assessment information to give
correct education decisions
To know the responsibilities required
for the assessment process to be legal
and ethical

AFT, NCME, and NEA (1990) Brookhart (2011) MoNE (2017)

As these statements point out, measurement and assessment are an integral part of education.
Measurement and evaluation literacy has become necessary to determine the functioning of the education
system, to establish if the education given by teachers is eligible and to improve the success of pupils. This
study measures the teachers’ measurement and assessment literacy levels with improving, regulatory and
regenerative data, and investigates the relationship between the measurement and assessment literacy levels of
secondary school teachers with respect to various variables.

Purpose and Importance of the Research

The study aims to determine the measurement and assessment literacy levels of secondary school
teachers, to examine which teacher competence is deficient, and to reveal the relationship between measurement
and assessment literacy and various variables (professional seniority, branch, and item examination skills).

The more appropriate and efficient the measurement and evaluation applications are used, the more the
student's learning performance will increase. The student's readiness is determined, interpreted and the student's
deficiencies are eliminated with the assessment and evaluation, thus the quality of the student's learning is
improved. Also, considering the measurement tools that are not suitable for the purpose (acquisition), whose
reliability and validity are not investigated, and the teachers' inability to score, interpret and manage the results
of assessment and evaluation, it is very difficult to interpret successful or unsuccessful in educational activities,
even to say that this situation is more harmful than the benefit of education.

The competencies of teachers in the field of measurement and assessment are the determiner of both
the education and the future of the student. This study is important to measure the teachers’ measurement and
assessment literacy levels, to determine deficiencies in this field, to reveal the relationship between
measurement and assessment literacy and the variables of professional seniority, branch and item examination
skills, and to take reformative, regulatory and renovator precautions in line with the analysis of the obtained
data, in other words, results.
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Research Problem

How are the measurement and assessment literacy levels of secondary school teachers with respect to various
variables?

The sub-problems of the study can be listed as follows.
1. How are the measurement and assessment literacy levels of secondary school teachers?

2. Do the measurement and assessment literacy levels of secondary school teachers differ significantly
in terms of professional seniority and branch?

3. What is the correlation between secondary school mathematics teachers' measurement and
assessment literacy level and their ability to examine items appropriate to educational attainment and grade
level?

Method

Survey research which is one of the quantitative research types was used in the study. Survey research
is a study that includes the use of a questionnaire to collect data from a sample of elements drawn from a
population. In this type of research, the relationships between the variables measured in the study can also be
looked at (Biiyiikoztiirk, Kilig, Akgiin, Karadeniz & Demirel, 2016). In this current study assessment literacy
inventory was applied to secondary school teachers to determine teachers' measurement and assessment literacy
levels. Also, the item examination skill test was applied to secondary school mathematics teachers to determine
the relationship between secondary school mathematics teachers' measurement and assessment literacy levels
and their skill to examine items appropriate to attainment and grade level.

Study Group of the Research

The study group of this current study has consisted of 189 secondary school teachers working in
different schools in a big-scale city in the Eastern Anatolia region of Turkey. The convenience sampling method
was used to select teachers.

Table 2. Demographic Features of Study Group

Frequency Percentage
Gender Female 92 48.7
Male 97 51.3
Professional Seniority 0-4 75 39.7
5-9 64 33.9
10 and above 50 26.5
Education level Undergraduate 171 90.5
Master 18 9.5
Branch Mathematics 54 28.6
Turkish language 35 18.5
Physical sciences 20 10.6
Social studies 18 9.5
English language 24 12.7
Education of religion 18 9.5
Other 20 10.6
MoNE In-Service Training Yes 56 29.6
No 133 70.4
Total 189 100

As can be seen in Table 2, 48.7% (n = 92) of the teachers who participated in the study are female; 51.3
% (n =97) are male teachers. 39.7% of the participants (n =75) were teachers whose professional seniority
varied between 0-4 years, 33.9% (n = 64) were teachers whose professional seniority varied between 5-9 years
and 26.5% (n = 50) are teachers with professional seniority of 10 years or more. 28.6% of the participants (n=
54) were mathematics teachers and 70.4% (n= 133) of the teachers who participated in the study did not receive
in-service training on measurement and assessment in MoNE.
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Data Collection Tools

The measurement tool used for the study consists of three parts: personal information form,
measurement and assessment literacy inventory, and item examination skill test.

Personal Information Form: In the form, questions are included regarding the teachers' personal
information, gender, education level, professional seniority, branch, and in-service training on measurement and
assessment in MoNE.

The Assessment Literacy Inventory (ALI): Test developed by Mertler and Campell in 2005 was adapted
into Turkish by Biitliner et al. in 2010. The Turkish form of the inventory was used in this study. This
inventory, which allows not only to determine the assessment literacy levels of teachers but also to detect which
teachers have deficiencies in certain competence areas, consists of five scenarios each containing six questions.
ALLI has been prepared in parallel with the teacher competence standards required in the educational assessment
of students. Table 3 shows which items in the inventory provide information about related standards.

Table 3. Distribution of Items in Assessment Literacy Inventory by Standards

Teacher Competence Standards Items

1. Teachers should be skilled in choosing assessment methods appropriate for 17 13 19. 25
instructional decisions. T T

2. Teachers should be skilled in developing assessment methods appropriate 2 8 14. 20. 26
for instructional decisions. ERA

3. The teacher should be skilled in administering, scoring and interpreting the 3.9. 15 21 27

results of both externally-produced and teacher-produced assessment methods.

4. Teachers should be skilled in using assessment results when making
decisions about individual students, planning teaching, developing curriculum, 4, 10, 16, 22, 28
and school improvement.

5. 'I_'eachers shpuld be skilled in developing valid pupil grading procedures 5,11, 17, 23, 29
which use pupil assessments.
6. Teachers should be skilled in communicating assessment results to students,

parents, other lay audiences, and other educators. 6,12, 18, 24,30

The Kuder-Richardson Reliability Coefficient (KR20) of the inventory containing 30 items in total was
calculated as 0.86.

The Item Examination Skill Test: The test was prepared by the researchers. The form contains 7
multiple choice math items that are suitable for different grade levels (5, 6, 7, and 8th grade) of the secondary
school. While determining the items to be put in the test, the questions of the common exams held by MoNE,
whose level was determined according to class level, attainment, and Bloom taxonomy, were used. Respondents
were asked to find out the grade level, learning outcome, and Bloom taxonomy level of these items.

When preparing an achievement test, items with medium difficulty, high discrimination power, and
suitable for attainment and student-level should be placed in the measurement tool. At the same time, it is
important to prepare the questions to be used in these tests in different forms according to Bloom Taxonomy
(Linn & Gronlund, 1995). Otherwise, an improper measurement tool will result in incorrect evaluation. In this
case, it leads to wrong decisions about education. According to teacher competencies, a teacher should have the
ability to select and develop appropriate assessment and evaluation methods (AFT, NCME & NEA, 1990).

The test, which includes 21 items in total, includes 3 items related to the above-mentioned concepts of
each of the 7 multiple-choice math items. To determine the reliability of the test, it was applied to 224 secondary
school mathematics teachers. The results were analyzed using TAP (Test Analysis Program) and the reliability
of the 21-item test was calculated as 0.57. Keohe (1995) stated that the reliability coefficient is acceptable
around 0.50 in short tests with 10-15 items, and above 0.80 in tests with 50 or more items. Besides, in the
literature, the mean of the correlations between items is ideal between 0.20 and 0.40. The values determined
indicate that the items are homogeneous enough and contain the original variance. In the developed test, the
correlation value between the mean items was 0.21. These values show that the test is reliable (Tabachnick &
Fidell, 2007).
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Results
Results on the First Sub-Problem

Results regarding the measurement and assessment literacy levels of teachers, the first sub-problem of
the study, are presented in Table 4.

Table 4. Measurement and assessment Literacy Levels of Teachers

Standard X SS
1. Choosing appropriate measurement and assessment methods 3.03 1.08
2. Developing appropriate measurement and assessment methods 2.10 1.08
3. Managing, scoring and interpreting measurement and assessment results 2.62 1.20
4. Using measurement and assessment results while making decisions about students, education 1.76 1.02
planning, curriculum development and school development.

5. Developing a valid grading system (rubric) to be used to evaluate students 1.39 1.44
6. Communicating measurement and assessment results to others 2.04 1.11
Total 12.94 3.66

* The highest score is 5 and the lowest score is 0 for each standard.

Assessment literacy inventory was applied to 189 secondary school teachers to determine teachers'
measurement and assessment literacy levels. Secondary school teachers correctly answered approximately 13
(43%) out of 30 questions in the inventory. According to this finding, it can be suggested that measurement and
assessment literacy levels of teachers are quite low. Considering the performances of the secondary school
teachers by the assessment competence standards, it was found that the standard at which the teachers were the
best was ‘choosing assessment methods appropriate for instructional decisions’ (X = 3.03), while the standard at
which they were the worst was ‘developing valid grading procedures (rubric) which use student assessments’ (X
= 1.39). According to the results of the inventory applied to the secondary school teachers in the study group,
the teachers correctly answered approximately 13 of the 30 questions on average, or 43%, on average.

Results on the second sub-problem

Examination of the relationship between measurement and assessment literacy level and professional
seniority. One-way ANOVA (Variance Analysis) was applied to analyze whether there is a significant
difference between secondary education teachers' measurement and assessment literacy levels and the
professional seniority variable. The results are presented in Table 5.

Table 5. ANOVA Results by the Professional Seniority Variable of Measurement and assessment Literacy
Levels of Secondary School Teachers

Source of ;_L?ﬁ:l of sd Average of r Significant )
Variance Squares Squares Difference N
Inter—group 171.85 2 85.93 6.79 0.01 0-4 and above 10 0.07

5-9 and above 10
Intra-groups  2352.51 186 12.65

Total 2524.36 188

According to the results of the analysis, a statistically significant difference was found between
teachers' measurement and assessment and literacy level and their professional seniority (F1s6 = 6.79; p
<0.05). Measurement and assessment literacy levels of teachers vary significantly depending on professional
seniority. The effect size was calculated as eta-square (n%) = 0.07. The effect size was calculated as eta-square
(m2) = 0.07. n2 is interpreted as the proportion of variance of the dependent variable that is related to the factor.
n2 of .01, .06, and .14 are, by convention, interpreted as small, medium, and large effect sizes, respectively
(Green and Salkind, 2005). Accordingly, it can be suggested that the professional seniority variable has a
moderate effect on measurement and assessment literacy. At the same time, it can be said that only 7% of the
variance observed in the scores obtained from the assessment literacy inventory depends on professional
seniority. As can be seen in the table, there is a statistically significant difference between the teacher who has
worked for at least 10 years (X=11.10) and others who worked for 4 years (X=13.89) and 5-9 years (X=12.95).
This difference is against teachers who have worked for at least 10 years. Based on this result, it can be said that
teachers who have worked for at least 10 years have lower measurement and assessment literacy levels than
those who have worked for less than 10 years.
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Investigation of the relationship between measurement and assessment literacy level and branch. Table
6 presents the results of one-way ANOVA conducted to determine whether there is a significant difference
between the measurement and assessment literacy levels of secondary school teachers and the branch variable.

Table 6. ANOVA Results of Secondary School Teachers' Measurement and assessment Literacy Levels by the
Branch Variable

Source of Total Sum Average - . ™)
Variance of Squares sd of Squares P Significant Difference
Inter-group  171.55 6 28.59 2.21 0.04* Math. - Other 0.07

E. of Religion — Math.
E. of Religion - Physical Sci.
Total 2524.36 188 E. of Religion - English L.

*p <0.05

Intra-groups  2352.81 182 12.93

According to the results of the analysis, a statistically significant difference was found between
teachers' measurement and assessment literacy level and branch (F1s2) = 2.21; p <0.05). This result shows that
the branch variable has a moderate effect on measurement and assessment literacy. At the same time, it can be
said that only 7% of the variance observed in the scores of the assessment literacy inventory depends on the
branch.

As presented in the table, there is a significant difference between mathematics teachers (X=13.85) and
others (X=11.90) (visual arts, technology design, music, information technologies, guidance counselor) and
education of religion teachers (X=10.78) in favor of mathematics teachers. Accordingly, it can be suggested that
mathematics teachers' measurement and assessment literacy levels are higher than others and education of
religion teachers. There is a significant difference between measurement and assessment literacy levels of
physical sciences (X=13.55) and education of religion teachers (X=10.78) in favor of physical sciences teachers.
Similarly, there is a significant difference between English language teachers (X=13.54) and education of
religion teachers (X=10.78) in favor of English language teachers.

Results on the Third Sub-Problem

For the third sub-problem, the relationship between secondary school mathematics teachers'
measurement and assessment literacy levels and their skill to examine items appropriate to attainment and grade
level was analyzed.

Item examination skill test was applied to 54 secondary school mathematics teachers. In the assessment
literacy inventory, approximately 14 of 30 questions (46% of the questions in the inventory) were answered
correctly by these participants. These teachers have the highest mean (X=13.85) among teachers in other
branches in the assessment literacy inventory. For the item examination skill test these participants correctly
answered around 14 questions out of 21 questions in the item examination skill test, in other words, participants
answered 64% of the questions correctly.

Since the literacy level and item examination skill are continuous variables and they are distributed
normally together, the Pearson moments product correlation coefficient was calculated to determine the
direction and amount of the relationship between the variables. The analysis results are presented in Table 7.

Table 7. Correlation between Measurement and Assessment Literacy Level and Item Analysis Skill

Variable N r p
Literacy - Le\(el — ltem 54 0.40 0.00%
examination Skill

*p <0.05

As presented in Table 7, a statistically positive and moderately significant relationship was found
between the variables obtained from the assessment literacy inventory (r = 0.40; p <0.05). Accordingly, as the
literacy level of the teachers increases, the item examination skill also increases. When the determination
coefficient (square of the correlation coefficient) (r? = 0.16) is examined, it can be said that 16% of the total
variance at the literacy level is caused by the item examination skill.

Table 8. Correlation Between Item Examination Skill and Teacher Competency Standards
Variable N r p

Standard 1 - Item Examination Skill 54 0.34 0.01*
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Standard 2 - Item Examination Skill 54 0.23 0.10
Standard 3 - Item Examination Skill 54 0.21 0.13
Standard 4 - Item Examination Skill 54 -0.02 0.89
Standard 5 - Item Examination Skill 54 0.18 0.20
Standard 6 - Item Examination Skill 54 0.37 0.01*
*p <0.05

In Table 8, the relationship between the item examination skill and the standards involved in the
assessment literacy inventory is presented. As presented in the table, there is a significant relationship only
between the first and sixth standards and the item examination skills (p <0.05). There is a positive and
moderately significant relationship between the ability to choose suitable assessment methods for instruction
(standard 1) and the item examination skill (r = 0.34; p <0.05). It was also found that there is a moderate
positive relationship between the ability to communicate measurement and assessment results to the educators
(standard 6) and the question analysis skill (r = 0.37; p <0.05). As seen in results as the literacy level of the
teachers increases, the skill to analyze questions also increases. It is possible to say the opposite.

Discussion, Conclusions and Recommendations

This study was carried out to determine the measurement and assessment literacy levels of secondary
school teachers, to reveal which deficiencies they have, and to determine the relationship between the
measurement and assessment literacy levels and some variables. The study also serves to reveal the ability of
teachers to conduct the item examination at the required difficulty and level in line with the attainment and
grade level in the curriculum.

The current study has found that secondary school teachers in the study group correctly answered
approximately 13 of the 30 questions on average, or 43%, on average. Compared to other studies in the
literature, measurement and assessment literacy level were similarly found to be insufficient. According to the
results of the research carried out in other countries, teachers correctly answered 23 of the 35 items (66%) in the
study of Plake and Impara (1993). Pre-service teachers correctly answered 21 of the 35 questions (60%) in the
study of Campbell et al. (2002) and approximately 19 (54%) of 35 items in the study of Mertler (2003). In the
study of Davidheiser (2013) with 180 high school teachers, the participants answered approximately 24 (68%)
of 35 questions correctly. Regarding the results of the study conducted in Turkey, Giil (2011) determined the
measurement and assessment level of 180 pre-service teachers who correctly answered approximately 18 (50%)
of 35 questions. In another study carried out by Karaman and Sahin (2014), it was reported that fourth-grade
pre-service teachers correctly answered approximately 16 (51%) of 30 questions. In a similar study, Azrak
(2017) revealed that social studies pre-service teachers correctly answered approximately 10 questions (33%) of
30 questions. The aforementioned studies indicate that secondary school teachers' measurement and assessment
literacy levels are low.

Additionally, in this current study measurement and assessment literacy levels of secondary school
teachers were examined according to each competence area in the inventory. The most competent area
(standard) in which the teachers performed the highest was found to be choosing appropriate measurement and
assessment methods (X = 3.03), and the least competent area was found as developing a valid grading system (X
= 1.39) which use student assessments. Campbell et al. (2002), Mertler (2003) (for pre-service teachers), Giil
(2011), and Karaman and Sahin (2014) also found the competence area to select appropriate measurement and
assessment methods as the most highest-performance area. Plake and Impara (1993) and Mertler (2003) (for
teachers) found that the highest-performance competence area was found as managing, scoring, and interpreting
measurement and assessment results. Consistent with the results of Mertler (2003) (for teachers) and Karaman
and Sahin (2014), the lowest- performing competence area is choosing a valid pupil grading system to be used
in the assessment of students in the present study. The competence area for communicating measurement and
assessment results is the lowest-performing competence area in the studies of Plake and Impara (1993),
Campbell et al. (2002), Mertler (2003) (for pre-service teachers) and Giil (2011). In the studies carried out by
Gelbal and Kelecioglu (2007) and Erdogdu and Kurt (2012), teachers have been reported to be insufficient in
the field of measurement and assessment, and more education is needed.

The current study has determined that there is a significant difference between the professional
seniority of secondary school teachers and the level of measurement and assessment literacy. As the
professional seniority of the teachers increased, the level of measurement and assessment literacy decreased.
Accordingly, it can be said that the professional seniority variable has a moderate effect on measurement and
assessment literacy. According to this study, it can be said that teachers who have worked for at least 10 years
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have lower measurement and assessment literacy levels than those who have worked for less than 10 years. This
particular finding was not compatible with other studies. Erdost (2018) detected a linear relationship between
experience and measurement and assessment literacy level. Likewise, in the study of Plake and Impara (1993), it
was found that experienced teachers’ measurement and assessment literacy levels were higher than those of less
experienced teachers. This finding may result from regional differences, interpersonal differences, attitudes
towards measurement and assessment.

Another finding of the study is that the branch variable has a moderate effect on measurement and
assessment literacy. A statistically significant difference was found between the branch of secondary school
teachers and their level of measurement and assessment. There is a significant difference between mathematics
teachers and others (visual arts, technology design, music, physical education, information technologies,
guidance counselor) and education of religion teachers in favor of mathematics teachers. Accordingly, it can be
suggested that mathematics teachers' measurement and assessment literacy levels are higher than others and
education of religion teachers. It is also found that there is a significant difference between measurement and
assessment literacy levels of physical sciences and education of religion teachers in favor of physical sciences
teachers. Similarly, there is a significant difference between English language teachers and the education of
religion teachers in favor of English language teachers. In the literature, Karaman and Sahin (2014) found a
significant difference between the branch and measurement and assessment literacy levels. This finding is
compatible with the study.

Lastly, the current study has determined that secondary school mathematics teachers answered
correctly around 14 questions on average out of 28 questions in the item examination skill test, that is, the
participants answered 64% of the questions correctly. In the assessment literacy inventory, this sample group
answered correctly around 14 questions out of 30 questions, in short, the participants answered 46% of the
questions in the inventory correctly. A statistically positive and moderately significant relationship was found
between the measurement and assessment literacy level of secondary school mathematics teachers and the skill
to examine items in the desired way in terms of the level of attainment and grade level. Accordingly, as the
literacy level of the teachers increases, the skill to analyze questions also increases. It is possible to say the
opposite.

Although this study has important findings, it has some limitations: the data of this study, for instance,
were obtained from secondary school teachers. Further studies can be conducted with teachers from different
levels of education such as primary school, secondary school, and high school, and it can be investigated
whether there is a significant difference between the education level that the teacher is at service and the
measurement and assessment literacy. Also, the "Item Examination Skill Test" prepared by the researchers can
be prepared and developed not only for the mathematics lesson but also for other lessons and the difference can
be calculated according to the branch. Also, due to the low measurement and assessment literacy level of
secondary school teachers, studies such as seminars or training on this subject can be conducted. Practical
activities can also be conducted along with the theoretical information on the subject.
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Abstract

This study was carried out to examine the effects of task complexity on text easibility and coherence in
narrative writing of EFL learners. Data were collected from 41 Turkish EFL learners during a writing course.
Task complexity was operationalized at two levels as a complex and simple task based on the resource-
dispersing variables of Robinson’s the Triadic Componential Framework, +/- task structure. Accordingly, a
colorful picture was first illustrated on the board, and students were asked to examine the picture for five
minutes (complex task /-TS). They were then asked to write a story based on the picture they had seen (simple
task /+TS). Two weeks later, they were given a sheet involving 16 pictures designed in an order and asked to
narrate a story based on these pictures. Their essays were analyzed by the researcher and another rater in terms
of coherence through an analytic rubric. An automated program was used to evaluate the essays for text
easibility indices involving the indices of narrativity, syntactic simplicity, word concreteness, referential
cohesion, and deep cohesion. The results analyzed with a Wilcoxon signed-rank test showed that complexity of
the task had a statistically significant effect on some indices of text easibility such as word concreteness, and
referential cohesion, whereas other indices, narrativity, syntactic simplicity, and deep cohesion, and coherence
in their writing production were not affected by the complexity of the task at a significant level. However, it can
be concluded that students’ texts produced in simple tasks are easier to comprehend.

Keywords: Task-based language teaching, Task complexity, Coherence, Text-easibility, Coh-Metrix

Introduction

Task-based language teaching (TBLT) aims to enhance language learning based on the tasks involving
meaningful, pragmatic, and communicative activities in all processes of learning such as planning, instruction,
and assessment (Larsen-Freeman & Anderson, 2011). TBLT, one of the examples of a ‘strong version’ of the
communicative approach, has received great attention of not only second language acquisition researchers but
also researchers of second language teaching as it is primarily motivated by a theory of learning (Richards &
Rodgers, 2001) and poses several advantages over PPP (present-practice-produce) paradigm that is claimed to
be an over-simplified approach (Kirkg6z, 2014). In other words, the learners in TBLT are provided with the
opportunity to learn the language through authentic scenarios involving meaningful, intentional, pragmatic, and
surely communicative activities in which they are required to use their linguistic resources to perform the task.
(Arslanyilmaz, 2013; Willis, 1996). Hence, they are able to use the language as a “vehicle for attending task
goals’ (Willis, 1996, p. 25) in a meaningful and natural atmosphere inside the classroom.

The main focus of a task is on meaning and the primary aim is to achieve an outcome as a result of the
process using language (Skehan, 1998). Similarly, although Ellis (2009) states that “there is no single way of
doing TBLT” (p. 224), he proposes three phases involving the pre-task phase, the main phase (the only one to be
obligatory), and the post-task phase. Willis (1996), likewise, presents three elements but shows a difference in
their features as pre-task, task cycle, and language focus (Willis, 1996, p. 135). Accordingly, a topic or task is
introduced at the pre-task phase through clear and insightful instructions; the learners are required to conduct,
plan how to report the outcome of their performance, and then to produce something at the phase of task cycle,
and lastly, they analyze the recording of their reports and practice the phrases, words or structures at the phase
of language focus. Therefore, writing activities can be described as a task since they meet all the requirements of
a task. Their focus is on meaning, they involve a goal to be achieved by learners, and the learners obtain an
outcome as a result of their performance. Furthermore, the writing activities are conducted at three phases as
pre-writing, while-writing, and post-writing. Thus, students who participated in this study were asked to produce
narrative essays for their task performance.
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Studies on Task Complexity

The studies reviewed in this study mostly are based on the two influential frameworks, Robinson’s
Cognition Hypothesis (Robinson, 2001, 2003, 2005; Robinson & Gilabert, 2007) and Skehan’s Limited
Attentional Capacity Model (Skehan & Foster, 1999, 2001), in terms of either dependent or independent
variables, or both of them (Ellis & Yuan, 2004; Jackson & Suethanapornkul, 2013; Kawauchi, 2005; Kim,
2020a, 2020b; Ruiz-Funes, 2015; Tavakoli & Skehan, 2005; Yang, 2014; Yang, Lu, & Weigle, 2015; Yildiz &
Yesilyurt, 2017; Yuan & Ellis, 2003). Moreover, task complexity is generally identified along with the variables
of these two competing models. Limited Attentional Capacity Model (Skehan, 2003, 2014; Skehan & Foster,
1999, 2001), which proposes that while performing a complex task people use more attentional resources due to
a limited capacity they have in order to process information, deals with the task complexity under three
dimensions such as code complexity, cognitive complexity, and communicative stress. While the focus of the
code complexity is on linguistic demands the task requires, the content of the task and structuring of the material
used in the task is seen within the concern of the cognitive complexity which is also divided into two main
categories as cognitive familiarity and cognitive processing. The third dimension, communicative stress,
basically focuses on the conditions and components of task performance such as participants, presentation, text,
and time. Furthermore, it suggests that manipulations regarding the task require the learners to use more
cognitive demand and attentional resources and thus reach production with trade-off effects among the three
basic constructs complexity, accuracy, and fluency. Due to the limited attentional capacity learners have, they
are not capable of paying simultaneous attention to those dimensions of language; that is, while paying attention
to one dimension, they fail to focus on the others. In other words, focusing on producing complex performance
probably leads to trade-off effect between accuracy and fluency since over-attention to complexity probably
leads to lacks in accuracy or fluency of the production, or vice versa (Skehan, 2009).

The other model on which task complexity studies are based, Robinson’s Triadic Componential
Framework, similarly deals with the task complexity under three dimensions: task complexity, task conditions
and task difficulty. This framework considers task complexity within the frameworks of information-processing
demands required for a pedagogic task for memory, attention, and reasoning (Robinson, 2001). It presents two
categories for the cognitive task features as resource-directing and resource-depleting variables, which was seen
with a new name in the expanded version of Cognition Hypothesis as resource-dispersing variables (Robinson
& Gilabert, 2007). The tasks manipulated along the variables of this framework are assumed to have language
production in various ways. Whether there are few elements to be compared (+/- few elements) or not, whether
the events occur in the past or present, or things are far or near (+/- here-and-now), whether some reasoning
demands are provided for the learner (+/- reasoning) or not is assumed to require cognitive and conceptual
demands and involved in resource-directing variables. On the other hand, the dimension of resource-dispersing
variables deals with other variables such as performative and procedural demands for learners manipulated
along whether planning time is allocated to the learners or not (+/- planning), the task has a loose or tight
structure (+/- single task), and learners have prior knowledge or not (+/- prior knowledge) in order to apply in
their task performance (Robinson, 2001). Furthermore, in contrast to Skehan (1998) suggesting that learners
have to prioritize between the three dimensions due to their capacity and attentional resources to process
information, Robinson (2001) suggests that learners’ performance can be enhanced in all three dimensions of
complexity, accuracy, and fluency (CAF).

The studies investigating whether increasing complexity of the task had any effect on language
production show differences from many perspectives such as in terms of both dependent and independent
variables although complexity, accuracy, and fluency are commonly preferred as dependent variables. For
instance, Arslanyilmaz (2013) contrasted two different teaching tools — the computer-assisted task-based
instruction (CATBI) and computer-assisted form-focused language instruction (CAFFI) in order to investigate
the role of the teaching approach in second language development in terms of accuracy, lexical complexity, and
fluency. According to the results of the study, the students taught through CATBI produced better language than
those taught through CAFFI; in particular, although no significant difference for lexical complexity was seen,
the language of production of task-based instruction was more fluent and accurate.

Tavakoli and Foster (2008) examined how oral second language performance is affected by narrative
structure (tight/loose) and narrative complexity (with or without background information) in terms of the most
common measures of task complexity, complexity, accuracy, and fluency (CAF). In support of previous studies,
they concluded that accuracy appeared to increase through tight task structure and also that narrative tasks with
background information seemed to result in higher syntactic complexity. In another study investigating the
effects of task design on L2 task performance in terms of accuracy, fluency, syntactic complexity, and lexical
diversity, Tavakoli (2009) pointed out that syntactic complexity could be enhanced through more structured
tasks — narratives with both foreground and background storylines and also that they yielded more accurate and
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fluent performance in more structured tasks than they did in less structured ones. However, no clear result has
been obtained for the effect of task structure on lexical diversity.

Based on the cognitive frameworks for TBLT, Révész (2011) conducted a study with the goal of
exploring whether there is a relationship between task complexity and learners’ use of form-meaning mappings
in oral tasks and also whether individual differences have an impact on such a relationship. Speech production
of the participants performing two versions of the same argumentative task — complex or simple - manipulated
along the +/- reasoning and the +/- few elements dimensions were analyzed through some global and specific
measures of oral performance. It was illustrated that although participants’ speech in the complex task was more
accurate and lexically diverse but lower syntactically complex speech, no significant effects of learners’
individual differences were observed.

In their study, Kuiken and Vedder (2007) firstly aimed to compare the two most influential models of
task complexity — Robinson’s Cognition Hypothesis and Skehan’s Limited Attentional Capacity Model —
regarding the effect of task complexity on L2 writing performance in terms of three measures of linguistic
complexity and accuracy. The learners of Italian and French were assigned two writing tasks manipulated along
with cognitive complexity as a non-complex condition in which they were required to write a letter taking three
requirements into consideration and a complex condition in which six requirements would be considered.
Although in previous studies Kuiken et al., (2005), Kuiken and Vedder (2008) revealed an effect of task
complexity on accuracy evaluating it through general measures, the study by Kuiken and Vedder (2007) utilized
more specific measures of accuracy and lexical variation regarding error type and the most frequent words used
to illustrate their role for such an effect. The results of the study confirmed that fewer errors were seen in the
complex task which might explain the accuracy case in the complex task; in other words, the fact that complex
tasks yield more accurate texts probably results from a decrease of lexical errors in such tasks. As for the
frequency of words, while French participants used less frequent words in a complex task, the case for the
Italian participants was the opposite. In light of the results, it was also pointed out that it seemed not possible to
establish a relationship between task complexity and language proficiency level.

Operationalizing task difficulty as the storyline structure — loose or tight — Ahmadian et al., (2012)
investigated the effect of task difficulty on self-repair behavior in L2 oral performance. While performing the
structured task the participants were observed to mainly focus on producing error-free units in terms of lexicon,
grammar, and phonology; on the contrary, in the unstructured task, they were primarily concerned with
conceptualizing the oral production producing D- repairs (different information involving alteration of the
content of the preverbal message) and A-repairs (appropriacy that includes changes in the content of the
message in terms of inaccuracy, incoherence, ambiguity, and inappropriacy) regularly.

Similarly, Adams et al., (2015) investigated the role of task structure and language support in
increasing the accuracy and linguistic complexity of writing via text chat. For their four experimental groups,
they implemented two task variables — task structure (+/- TS) from Robinson’s (2007) Triadic Componential
framework and language support (+/- LS) utilizing pre-task to raise consciousness. Whereas learners in the +TS
case were provided with detailed written instruction about task performance and also a worksheet guiding them,
those in the condition of low task structure (-TS) were given just basic instructions but no worksheet. Similarly,
learners of +LS condition were provided pre-task language support activities, but others did take no language
support in their task that is therefore expected to be more complex. Analysis of the chat texts on the engineering
simulation task revealed that although the learners performing more complex tasks (-TS and —LS) produced less
accurate texts, making tasks more complex had no impact on the linguistic complexity.

In order to investigate whether cognitive task complexity influences lexical and syntactic complexity,
Frear and Bitchener (2015) utilized resource-directing variables (Robinson, 2007) by manipulating the number
of reasoning demands (+/- reasoning) and numbers of elements (+/- few elements). As a result of their analysis
of letters by L2 writers of English in terms of lexical variety through a mean segmental type-token ratio and
syntactic complexity by the ratio of dependent clauses to T-units, it was pointed out that an increase appeared on
the lexical complexity as a result of increasing complexity of cognitive task. However, in contrast to the
expectation of the Cognition Hypothesis (Robinson, 2001, 2007), in which it is assumed that increases in task
complexity will lead to language development resulting in complex language performance, no significant
change was seen in syntactic complexity among tasks.

Like many researchers based on the assumptions of Robinson’s Cognition Hypothesis, Salimi et al.,
(2011) investigated the effects of tasks manipulated along with resource-directing factors on accuracy, fluency,
and syntactic complexity. Using two versions of the same decision-making task, complex and simple, their
findings on fluency and complexity confirmed the predictions of Cognition Hypothesis that complex tasks
would lead to more fluent and syntactically complex texts; nevertheless, the case for accuracy was different. No
significant difference was obtained between complex and simple tasks in accuracy.
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The studies in literature scarcely investigate the writing task performances of learners in terms of task
complexity (Jackson & Suethanapornkul, 2013). For instance, in their study reviewing the studies on task
complexity, Salimi and Dadaspour (2012) revealed that many of the studies regarding the effects of task
complexity mainly focus on L2 oral performance but just a few on the written performance of L2 learners.
Furthermore, Ellis and Yuan (2004), Kormos (2011), Salimi et al. (2011) and Yang et al. (2015) drew attention
to a limited number of studies on the effect of task complexity on L2 writing performance. Therefore, this study
focuses on whether the narrative writing performance of EFL learners is affected by task complexity
manipulated along with resource-dispersing variables (+/- task structure) by Robinson’s Cognition Hypothesis.
Furthermore, there is very limited research investigating the effects of task complexity on written production in
the Turkish EFL context. The studies found in the Turkish context were the study of Geng¢ (2012) that
investigates the effects of strategic planning on the accuracy of EFL learners’ both oral and written narrative
task performances and that of Yildiz and Yesilyurt (2017) examining whether task planning had an influence on
the complexity and overall writing quality of EFL learners’ writing performance. Therefore, this study aims at
probing into the effects of cognitive task complexity on written production of EFL learners in Turkey.

Text Easibility And Coherence

The present study was carried out to see the effect of task complexity on L2 writing performance in
terms of two dependent variables as text easibility and coherence. Therefore, the two most commonly
interchangeably used terms, coherence, and cohesion should be explained in detail to show the distinction
between these terms. Though being an important characteristic of effective writing in terms of connectedness
that “refers to all of the links, both explicit and implicit, in a text that make it a unified whole” (Watson Todd et
al., 2007), coherence is generally thought to be an abstract and fuzzy term to define exactly and make a
distinction from other concepts in writing such as cohesion, unity, etc. Lee (2002) describes coherence as “the
relationships that link the ideas in a text to create meaning for the readers” (p. 135). It is commonly misused
with the term cohesion: whereas cohesion, in simple terms, regards implicit links, coherence refers to the
opposite, explicit links (Watson Todd et al., 2007). In other words, whereas cohesion is described as the
connection of ideas at sentence level or “the connectivity of ideas in discourse and sentences to one another in
text, thus creating the flow of information in a unified way” (Hinkel, 2004, p. 279), being a broader term,
coherence is the organization of ideas at discourse level with all elements.

Coherence is, in simple terms, what the reader grabs from the text while cohesion provides the reader
with linguistic elements-cohesive devices- to make a connection between ideas (Crossley et al., 2016). As stated
in their seminal work “Cohesion in English”, regarded as a theoretical framework on textual cohesion, Halliday
and Hassan (1976) describe cohesion as a semantic concept that illustrates “relations of meaning that exist
within a text” (p. 4). Similarly, according to Harmer (2004), writers use two main elements to build cohesion in
text-linguistic techniques and grammar structures; in other words, like Halliday and Hassan (1976), he also
describes cohesion in two headings- lexical cohesion and grammatical cohesion. The coherence that enables the
reader to catch both “the writer’s purpose” and “the writer’s line of thought” is far beyond the sentence level and
achieved through sequencing information in order to meet the expectations of the discourse community that it is
written for (Harmer, 2004, p. 22-25).

As in definitions of coherence and cohesion, the research shows also differences in the ways or
measures to assess them. For example, one of the scales applied to assess coherence both in spoken and written
discourse is a topic-based analysis which depends on identifying key terms in a text, finding the relationships
between these terms, ranking these relationships, and then mapping the text along the hierarchy identified
through the relationships (Todd et al, 2004). In their study, Todd et al. (2004) applied topic-based analysis
because it meets the three criteria defined by the researchers to select an appropriate scale to evaluate coherence:
it (1) is objective, (2) unequivocally measures coherence, and (3) focuses on propositional coherence that is
predominant in written discourse rather than interactional coherence seen in informal spoken language.
Similarly, Knoch (2007) reported that the previous scales developed to assess coherence are either too time-
consuming or complicated. Therefore, in his study undertaken in three phases as (1) analysis of writing samples,
(2) rating scale design, and (3) rating scale validation, he chose and adapted a topical structure analysis (TSA)
scale with the aim of investigating whether the use of a TSA scale-an empirically-based scale- to evaluate
coherence in the written production of students is more reliable and has greater discrimination compared to the
more traditional measures. However, the results revealed that although raters using the TSA scale scored more
accurately, the TSA scale was not less time-consuming than the previous scale; rather, it might require more
labor to analyze a large number of written texts and thus not practical in some cases.

McNamara et al. (2009) used Coh-Metrix-an automated tool- to examine whether the quality of the
essays- low or high- can be predicted through the three indices as syntactic complexity, lexical diversity, and
word frequency. In contrast to the general notion that more cohesive and thus more coherent essays are
produced by more proficient writers, their study using linguistic indices of cohesion from Coh-Metrix could not
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provide any evidence about whether there is a significant difference between high- and low-proficiency essays
in terms of coherence; that is, the essays scored high were not more coherent than those rated low (McNamara et
al., 2009). According to McNamara et al. (2009), the Coh-Metrix cohesion indices validated by a number of
studies are confidential to assess cohesion. In the light of the literature, they reached a conclusion that Coh-
Metrix is “an extremely powerful text analysis tool, capable of assessing and differentiating an enormous variety
of text types from the genre level to the sentence level” (p. 59). Therefore, in their study investigating the degree
to which these indices have a role in predicting the quality of essays, they used 26 linguistic indices of cohesion
from Coh-Metrix. Similarly, McNamara et al. (2010) point out that Coh-Metrix which is a tool presenting a
great variety of linguistic indices for the automatic analysis of text comprehension uses lexicons, latent semantic
analysis (LSA), and many other linguistic components and thus meets the needs of researchers who seek a
computational linguistic analysis of texts to measure text cohesion and text difficulty in terms of various
linguistic features such as word, sentence, paragraph, and discourse dimensions. Furthermore, their study
comparing the outcomes of Coh-Metrix indices with two commonly used readability indices — Flesch Kincaid
Grade Level and Flesch Reading Ease added evidence on validation of Coh-Metrix as a tool to assess cohesion.

Through the studies on cohesion, we reached the conclusion that we can measure text easibility indices
through the automated tool “The Coh-Metrix Common Core Text Ease and Readability Assessor (T.E.R.A.)”
which is less time-consuming and more practical. On the other hand, the coherence that is more subjective and
exists in the mind of the reader will be best assessed using an analytical rubric that involves a specific
dimension of coherence. This study which was carried out to see whether increasing complexity of writing task
along with resource-directing variables as presence or absence (+/-) of few elements affect cohesion and
coherence of EFL learners’ narrative writing will probably contribute to filling the research gaps in the effects of
task complexity, particularly in terms of written task performance. As also pointed out by Jackson and
Suethanapornkul (2013) in their synthesis and meta-analysis study of research on task complexity, writing task
performance has been rarely investigated in terms of task complexity although writing production of learners is
valuable to obtain more reliable and concrete results. In line with these aims, the findings of the study were
presented and discussed to provide responses to the following research questions:

1. Does increasing the complexity of a task affect the text easibility of EFL learners’ narrative
writing?

a. Does increasing the complexity of a task affect the text narrativity of EFL learners’ narrative
writing?

b. Does increasing the complexity of a task affect the syntactic simplicity of EFL learners’ narrative
writing?

c. Does increasing the complexity of a task affect word concreteness of EFL learners’ narrative
writing?

d. Does increasing the complexity of a task affect referential cohesion of EFL learners’ narrative
writing?

e. Does increasing the complexity of a task affect deep cohesion of EFL learners’ narrative writing?

2. Does increasing the complexity of a task affect coherence of EFL learners’ narrative writing?

Methodology
Research design

A one-group pretest- posttest design, one of the poor experimental designs, in which just a single group
is “measured or observed not only after being exposed to a treatment of some sort but also before” was
employed in this study (Frankel, Wallen & Hyun, 2012, p.269).

Participants

Forty-one freshmen (33 female and 8 male students) studying at the ELT department of a state
university in Turkey and whose ages ranged between 19-28 years participated in the study. The proficiency
levels of students were generally intermediate whereas there were also a few students at an advanced level, as
also understood particularly from their scores of general writing achievement. Moreover, although 35 students
were in their second year as they had prep-class (included writing course) in the previous year, 6 of the
participants were newcomers who did not take a writing course before. Before collecting data, basic training for
writing essays was provided within the scope of the writing course. Before performing the tasks involved in this
study, students were asked to write paragraphs and essays to assess their levels and proficiency in writing.
Based on the results, it was regarded that students were homogenous in terms of writing proficiency.
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Each participant was involved in narrative writing tasks—simple and complex. In all, 82 essays were
involved in the analysis process. All participants were requested to sign a consent form allowing their written
production to be used for research purposes. Furthermore, ethics committee approval was also obtained to show
that this study complied with ethical standards.

Operationalizations of task complexity

Task complexity was operationalized at two levels as simple and complex based on one of the
resource-dispersing variables of Robinson’s the Triadic Componential Framework, +/- task structure.
Accordingly, the first writing task was identified as complex as a consequence of loose task structure which
required more cognitive demand in performance of the task. The second task carried out two weeks later was
described as simple since it involved a tight task structure and thus was assumed to need less cognitive demand
to design and perform the writing process.

Data collection procedure

Data were collected during a writing course for students studying at the ELT department of a state
university. Before starting to collect the data for the study, the instructor, also one of the researchers of this
study, provided them with basic education about the writing process and asked them to write some sample
paragraphs based on the knowledge they gained and one essay considering the features of an effective essay.
After learning the features of narrative writing theoretically, the students were required to produce a narrative
essay. Accordingly, they were first shown a picture and asked to analyze it for five minutes. They were then
given an hour to create a story based on the picture and thus perform their complex writing task (-task structure/-
TS). In another lesson, the students were given a sheet involving 16 related pictures in order and create a story
following the order of the pictures for the simple task (+ task structure/ +TS).

Data analysis
Text easibility

The texts produced by the students were analyzed by the Coh-Metrix Common Core Text Ease and
Readability Assessor (T.E.R.A.) which is designed to evaluate the easibility and readibility of texts and thus
provide valuable information about the characteristics of effective texts. Five components of text easability used
in this study were briefly explained below (McNamara et al., 2014, p. 85):

Narrativity: It deals with whether the text is story-like and involves familiar words, world knowledge,
and conversation. Therefore, the higher a text is in narrativity, the easier it is.

Syntactic simplicity: It “reflects the degree to which the sentences in the text contain fewer words and
use simpler, familiar structures that are less challenging to process”. It is measured based on a variety of indices
such as the number of clauses for sentences, the number of words in each sentence, and the number of words
used before the main verb of the clause. Accordingly, the texts with fewer words or clauses in sentences are
syntactically simple and thus easy to comprehend.

Word concreteness: It shows whether the words are concrete and meaningful which helps the reader to
visualize and comprehend the text.

Referential cohesion: Referential cohesion in a text illustrates the extent of connections that link the
ideas together to help the reader process easily.

Deep cohesion: A text with high deep cohesion contains causal and intentional cohesive devices where
they are required to establish relationships among ideas, events, or actions since these devices enable the reader
to understand the relationships more deeply and coherently.

Coherence

Since coherence is a subjective feature of writing and simply what the reader grabs from the text
(Crossley et al., 2016), we analyzed it through the same analytic rubric also used for the analysis of the students’
general writing achievement. The rubric we used included a separate section to evaluate coherence under the
name of organization and coherence. As in other sections of the rubric, the scores ranged between 1 and 5. If a
text takes the maximum score of 5 for coherence, it means that the text uses a logical structure regarding the
purpose, audience, subject of the paper, utilizes true and enough transitions to build a clear connection between
sentences, and lead the reader to comprehend the chain of reasoning or progression of ideas. On the contrary, if
it is given the minimum score of 1, the text lacks organization, coherence, and transitions.



Yildiz, Yesilyurt 42

Statistical Analysis

In order to compare the results of the simple task and complex task performed by the same learners, data were
firstly analyzed in terms of normality. Since they were not normally distributed, a Wilcoxon signed-rank test, a
nonparametric test, was applied to assess the difference between the two tasks in terms of dependent variables,
text easibility indices and coherence. When a statistically significant difference was obtained, its effect size was
also calculated (Cohen, 1988)

Reliability and Validity

In the light of the literature, it was agreed to use T.E.R.A that provides an automated evaluation of a
text. Furthermore, the validation of indices in this program was verified by McNamara et al. (2010) that those
indices measure what is expected to be measured and can be compatible with all types of data regarding human
performance.

The other dimensions in the current study, coherence not rated by the computer analysis was also
evaluated by another rater to ensure the reliability of coding data. Firstly, three raters were trained about the
analytical rubric used in the evaluation and then asked to evaluate 30 essays chosen at random to see whether
there was consistency between their results. Reliability test results showed a high level of reliability (Cronbach’s
alpha coefficient=.87). Based on the results of the reliability test showing consistency in three raters’ results,
two of the raters completed rating the rest of the essays. The overall results of the two raters were again tested
for reliability. Although a high level of inter-rater reliability (Cronbach’s alpha coefficient=.88) was found, the
essays for which raters had two or more-point-difference in rating scores were determined and discussed by the
researchers. As a result of the reevaluation of these essays by the two raters, high-level inter-rater reliability
(.89) with a Cronbach’s alpha coefficient was reached.

Results

The results of a Wilcoxon signed-rank test conducted to see whether increasing the complexity of
writing tasks along the task structure led to a significant difference in the text easibility indices and coherence of
EFL learners’ narrative writing is displayed in tables and explained in detail under each dependent variable. The
analysis results in T.E.R.A. that provide some explanation for these indices explained in the previous section
under the subheading of data analysis are also benefited to interpret the results in the tables.

Narrativity
Table 1. Wilxocon signed-test results for the narrativity of the tests
Narrativity for the simple task - Narrativity for the complex task
Z -57
Asymp. Sig. (2-tailed) .57

According to the results illustrated in Table 1, the difference between complex and simple tasks is not
statistically significant. It is also clear that the narrativity of students’ narrative essays is not affected by the
increase in the cognitive complexity of the tasks (Z=-.57, p=.57>0.05). Indeed, the median narrativity rating is
higher in the complex task (median=95.0) compared to that in the simple task (median= 96.0).

Accordingly, it is clear that texts high in narrativity are more story-like and probably have more
familiar words. Therefore, it is typically easier to understand those texts. In line with the statistical results, it can
be concluded that the narrative essays produced based on a picture in a loose task structure (complex task) are
more-story like and thus easier to understand

Syntactic Simplicity

Table 2. Wilxocon signed-test results for the syntactic simplicity

Syntactic Simplicity for the simple task - Syntactic Simplicity for the
complex task

z -1.77

Asymp. Sig. (2-tailed) .08

Table 2 illustrates the results for the difference between two tasks in syntactic complexity of essays
produced by the learners. Although the essays produced in the simple task (median=88) had more syntactic
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simplicity than those in the complex task (median=83) did, the difference was not found statistically significant
(Z=-1.77, p=.08>0.05).

Accordingly, students produced more syntactically simple essays in their simple tasks. In other
words, narrative essays in the simple task had more simple sentence structures and thus are easier to process.

Word Concreteness

Table 3. Wilxocon signed-test results for the word concreteness

Word Concreteness for the simple task - Word Concreteness for the complex task

4 -3.32

Asymp. Sig. (2-tailed) .00

A Wilcoxon signed-rank test the result of which is displayed in Table 3 shows that the complexity of
the task yielded to a statistically significant difference in word concreteness of learners’ narrative essays (Z=-
3.32, p=.00<0.05, r=0.51). According to the results of this test, students used more concrete words in their
essays they produced in the simple task (median=83) than they did in their essays produced in the complex tasks
(median=61). The complexity of the task affects word concreteness at a significance level. It can be also
concluded that the use of more concrete words in a simple task makes their narrative essays easier to visualize
and comprehend.

Referential Cohesion

Table 4. Wilxocon signed-test results for the referential cohesion

Referential Cohesion for the simple task - Referential Cohesion for the
complex task

Z -2.22
Asymp. Sig. (2-tailed) .03

According to Table 4, referential cohesion in the written production of the simple task significantly
differs from that in essays of the complex task (Z=-2.26, p=.03<0.05, r=0.34). In addition, the simple task essays
had stronger referential cohesion (median=60) compared to the essays of the complex task (median=46). The
effect of the task complexity on referential cohesion of written production is statistically significant at a medium
level.

Based on these results, it is clear that students’ narrative essays in the complex task had little overlap in
words and ideas and thus required the reader to make inferences. Therefore, these essays are more difficult to
comprehend than those produced in a simple task.

Deep Cohesion

Table 5. Wilxocon signed-test results for the deep cohesion
Deep Cohesion for the simple task - Deep Cohesion for the complex task

Z -1.22
Asymp. Sig. (2-tailed) .22

As shown in Table 5, the difference between the complex and simple tasks in deep cohesion was not
statistically significant (Z=-1.22, p=.22>0.05). Although students produced narrative essays in their complex
tasks which are richer in deep cohesion (median=78) compared to their essays in the simple task (median=70).
In this sense, essays in the complex tasks can be said to have more connecting words to clarify the relationships
between events, ideas, and information and thus are easier to comprehend due to this added support.

Coherence

Table 5. Wilxocon signed-test results for the coherence
Coherence for the simple task - Coherence for the complex task

z -.83
Asymp. Sig. (2-tailed) 41
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Although the components of text easibility were analyzed by an automated program, T.E.R.A, essays were
assessed by two different raters in terms of coherence using an analytic rubric. Since there was interrater
reliability between the scores of the raters, the mean of their scores were taken and statistically analyzed.
According to the results displayed in Table 6, there is no statistically significant difference between narrative
essays of students in the simple task and those in the complex task in terms of coherence (Z=-2.36, p=.41>0.05).
Indeed, the median coherence rating was 3.5 for both complex and simple tasks. Therefore, the complexity of
the tasks does not affect the coherence of the texts produced by the learners.

Discussion and Conclusion

This study was investigated to see whether increasing the complexity of a writing task had a significant
effect on the easibility of the texts learners produced as a result of their task performance and also on its
coherence. Two writing tasks were designed at two levels as complex and simple according to +/- (tight/loose)
task structure, one of the resource-dispersing variables in Robinson’s framework. Therefore, the participants of
this study were asked to produce a narrative essay for the complex task involving one picture about which they
were required to narrate a story and also another one for the simple task involving 16 pictures on which they
would ground their narration according to the order of the pictures.

Their essays were analyzed by an automated program, T.E.R.A, for the text easibility including five
indices as narrativity, syntactic simplicity, word concreteness, referential cohesion, and deep cohesion, and by
an analytic rubric for the coherence of the texts. T.E.R.A. suggests that the texts higher in these indices are easy
to comprehend.

The results of this study pointed out that students’ narrative essays in the simple task had more
syntactic simplicity although they were low in narrativity. That is, their essays in the complex task were more
story-like and thus easier to comprehend but had more complex structures than their essays in the simple task
did. However, although differences in these indices were not statistically significant, the complex task had more
syntactically complex texts. Similarly, the studies, based on the Trade-off Hypothesis, found that increasing the
complexity of the task led to the appearance of more syntactically complex structures in task performance
(Salimi et al., 2011; Tavakoli, 2009). However, Tavakoli and Foster (2008) pointed out that syntactic
complexity was high in narrative tasks with background information which was identified as the simple task.
Furthermore, some studies obtained similar results that task complexity did have no significant effect on the
syntactic complexity of the task outcome (Adams et al., 2015; Frear & Bitchener, 2015).

The current study also found that the texts in the simple task had more concrete words, which enabled
the reader to visualize what was said and thus to easily comprehend them. However, their narrative essays
produced in the complex task involved more abstract words which are assumed to be more difficult to
comprehend. These results seemed to support the results of Frear and Bitchener (2015) showing that the use of
complex words was positively related to the complexity of the task. Furthermore, Ong and Zang (2010) revealed
that increasing the complexity of the task along the provision of ideas and macro-structure affected lexical
complexity of EFL learners’ argumentative writing whereas task complexity along draft availability had no
impact on lexical complexity. Similarly, some studies provided contradictory results that the lexical complexity
of participants’ task performance was not influenced by the task complexity (Kuiken & Vedder, 2007).

In addition, students’ narrative essays in the simple task had more overlap in words and ideas which
helped the readers to make inferences and thus easily understand the text. On the other hand, the essays
produced in the complex task were richer in deep cohesion and had more connecting words to clarify the
relationships between events, ideas, and information although the difference between the two tasks in deep
cohesion was not significant. Similarly, no significant difference was observed in the coherence of the texts
produced in the simple and complex tasks. It is not so easy to discuss these results in the light of other studies
since no study investigating task complexity in terms of cohesion and coherence was encountered. However,
when coherence and cohesion are regarded as components of fluency in writing, the studies investigating task
complexity in terms of +/- planning suggested that planning time in task positively affected the fluency of
written production (Ellis & Yuan, 2004; Ong & Zang, 2010).

Based on these results, clear conclusions cannot be suggested about the effect of task complexity on
text easibility since the results show differences in indices. Whereas the essays in the simple task were higher in
some indices suggesting that they were easier to comprehend, the essays produced in the complex task had
higher scores in other indices. However, it was seen that students produced easier texts in simple tasks, though
not statistically significant in all indices. Therefore, conducting more writing tasks at different levels of task
complexity may yield more reliable and concrete results for the text easibility. Furthermore, other measures such
as complexity, accuracy, and fluency concurrently in addition to those involved in this study can be employed to
have further insight into the effects of task complexity on written task performance..
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Abstract

A recent systematic review of experimental studies conducted in Turkey between 2010 and 2020
reported that small sample sizes had been a significant drawback (Bulus & Koyuncu, 2021). A small chunk of
the studies in the review were randomized pretest-posttest control-group designs. In contrast, the overwhelming
majority of them were non-equivalent pretest-posttest control-group designs (no randomization). They had an
average sample size below 70 for different domains and outcomes. Designing experimental studies with such
small sample sizes implies a strong (and perhaps an erroneous) assumption about the minimum relevant effect
size (MRES) of an intervention; that is, a standardized treatment effect of Cohen’s d < 0.50 is not relevant to
education policy or practice. Thus, an introduction to sample size determination for randomized/non-equivalent
pretest-posttest control group designs is warranted. This study describes nuts and bolts of sample size
determination (or power analysis). It also derives expressions for optimal design under differential cost per
treatment and control units, and implements these expressions in an Excel workbook. Finally, this study
provides convenient tables to guide sample size decisions for MRES values between 0.20 < Cohen’s d < 0.50.

Keywords: pretest-posttest, experimental design, random assignment, non-equivalent control-group design,
sample size, power analysis, optimal design

Introduction

One crucial question in education policy and practice is whether a program, product, or service
produces favorable outcomes. The first step to answering such a research question is to solicit funding from
stakeholders in a grant proposal to cover research expenses. The description of the research design in the grant
proposal should convince stakeholders (and peers in the publication process) that the study employs rigorous
methodological procedures and that the sample is not fundamentally flawed to produce biased or inconclusive
results.

In education policy research, experiments are indispensable research designs that can establish a cause-
effect relationship between an independent variable (e.g., receiving a program, product, or service) and an
outcome variable (e.g., academic achievement) (Campbell & Stanley, 1963; Cook et al., 2002; Mostseller &
Boruch, 2004). An experiment's main characteristic is that researchers can manipulate the independent variable
to isolate its effect from unobserved confounders. In the simplest form, this is achieved via randomly assigning
subjects in the sample into the treatment and control groups. Randomization assures that effects of unobserved
confounders on the outcome — a significant threat to the internal validity of experiments — are canceled out on
average (Campbell & Stanley, 1963; Cook et al., 2002; Mostseller & Boruch, 2004). In this case, treatment and
control groups do not systematically differ (especially in large samples). This type of design is referred to as a
true experiment.

However, randomization is not always feasible. For example, in education research, it is common to
assign entire clusters to treatment and control groups (e.g., classrooms) without randomization. In this case, the
treatment effect may be contaminated with unobserved confounders. In other words, treatment and control
groups may systematically differ. This type of design is a non-equivalent design (see Campbell & Stanley, 1963;
Oakes & Feldman, 2001) and categorized as one of the weak experiments in the literature. Nonetheless, weak
experiments can be manipulated to mimic true experiments via matching subjects on the pretest or covariates
(Fraenkel et al., 2011; see also Campbell & Stanley, 1963). This type of design is referred to as a quasi-
experiment.
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Recent reviews of experiments in Turkey indicated that they had inadequate sample sizes (e.g., Bulus
& Koyuncu, 2021; Yildirim et al., 2019). Overwhelming majority of the reviewed experiments in Bulus and
Koyuncu (2021) and Yildirim et al. (2019) were small-scale weak or quasi-experiments. Most of them were
based on convenience sampling where intact classrooms received the treatment or control protocols (often, one
classroom in each). Average sample size was 70 for experiments reviewed in Bulus and Koyuncu (2021) and
was 54 for those reviewed in Yildirim et al. (2019). Such small sample sizes imply a strong (and perhaps an
erroneous) assumption about an intervention's minimum relevant effect size (MRES) before an experiment is
undertaken. In other words, a standardized treatment effect of Cohen's d < 0.50 is not relevant to education
policy or practice. MRES is related to the “What is the minimum treatment effect that is meaningful and
relevant to education policy and practice?” question, and its value should carefully be justified.

The result of a small-scale experiment is sometimes "too good to be true.” There are several potential
sources of bias inherent to small-scale experiments. For example, the treatment effect in a small-scale
experiment could be overestimated due to publication bias (Hedges, 1992; Vevea & Hedges, 1995), small study
effect (Sterne et al., 2000), overfitting problem where the model picks up noise (Yarkoni, 2017), teaching
treatment group to perform superior on the researcher developed test, shorter pretest-posttest interval (Slavin,
2008), baseline incomparability, classroom or school confounding, researcher bias such as choosing the more
able subjects for the treatment group, or a combination of them.

Bulus and Koyuncu (2021) reported large treatment effects for 106 experiments targeting cognitive
outcomes (Cohen's d = 1.02, on average) and for 81 experiments targeting affective outcomes (Cohen's d = 1.01,
on average). The authors did not adjust effect size estimates for the pretest. Yildirim et al. (2019) also reported
large treatment effects of learning strategies on academic achievement based on a random-effect meta-analysis
of 28 experiments (Cohen's d = 1.21, on average). The authors did not explicitly state whether they adjusted
effect size estimates for the pretest. We do not know whether the effects reported in Bulus and Koyuncu (2021)
and Yildirim et al. (2019) were artifacts (due to several potential sources of bias mentioned earlier) or actual
effects. Effects sizes of this magnitude, if considered artifacts, cannot be explained by failure to adjust for the
pretest alone. If these are actual effects, it begs why these programs are not scaled-up.

One effective way to decipher this ambiguity and ameliorate potential sources of bias mentioned earlier
is to conduct an experiment with sufficient sample size. A sufficient sample size would allow the experiment to
detect a minimum effect relevant to policy and practice with sufficient statistical power (probability to detect an
effect when there is an effect in the underlying population). This study mainly describes formulas and software
to determine sample size for randomized pretest-posttest control-group design (true experiment) and non-
equivalent pretest-posttest control-group design (weak experiment). It derives expressions for the optimal design
of true experiments under differential cost per treatment and control units, and provides a convenient Excel
workbook for this purpose (Optimal Design: https://osf.io/uerbw/download). Moreover, it provides convenient
tables to guide sample size decisions for MRES values between 0.20 < Cohen’s d < 0.50 (Appendix and
Supplement: https://osf.io/t2as3/download).

In what follows, first, the approximate standard error of the treatment effect for several types of
experimental designs will be described. Approximate standard errors are required for power analysis routines.
Suppose approximate standard errors are formulated in terms of known design parameters such as MRES,
treatment group allocation rate, and explanatory power or covariates. Then, one can conveniently find the
minimum required sample size (MRSS) for true and weak experiments given design parameters. Second,
illustrative examples are provided to find MRSS depending on common design characteristics. Finally, key
points are discussed and summarized

Approximate Standard Error Formulas for Power Analysis

To answer the crucial question of "At least how many participants are needed in treatment and control
groups to detect an effect that is relevant to policy and practice?" one will need to have a guestimate for the
standard error of the treatment effect. Fortunately, there are many important studies in this line of work. Several
scholars derived expressions for approximate standard errors, which is a function of the known design
parameters such as total sample size, treatment group allocation rate, and explanatory power of covariates (e.g.,
Bloom, 2006, Dong & Maynard, 2013; Oakes & Feldman, 2001). Expressions for approximate standard errors
considering true and weak experiments will be described momentarily.

Approximate standard error expressions presented in this study apply to several experimental designs
described in Campbell and Stanley (1963) and Fraenkel et al. (2011) when Analysis of Variance (ANOVA) or
Analysis of Covariance (ANCOVA) model is the method of choice. Randomized posttest-only control-group
and randomized pretest-posttest control-group designs are categorized as true experiments (Campbell & Stanley,
1963; Fraenkel et al., 2011). Static-group comparison design (SCD; Campbell & Stanley, 1963) and static-group
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pretest-posttest design (SPPD; Fraenkel et al., 2011) are categorized as weak experiments. SCD and SPPD
designs are also known as non-equivalent designs. There is no guarantee that treatment and control groups are
comparable at the baseline in non-equivalent designs (see Campbell & Stanley, 1963; Oakes & Feldman, 2001).
This study adopts the latter naming convention; non-equivalent posttest-only control-group design for SCD and
non-equivalent pretest-posttest control-group design for SPPD.

True Experiments

In a simple true experiment, subjects are randomly assigned into the treatment and control groups.
While treatment group subjects benefit from a program, product, or service, no procedures are undertaken for
the control group except for the administration of questionnaires. Information is collected at the baseline (e.g.,
pretest) to control bias resulting from baseline differences (mostly in small-scale weak or quasi-experiments)
and improve the estimate's precision. In the end, outcomes between the two groups are compared to gauge the
effectiveness of an intervention.

Randomized Pretest-posttest Control-group Design

The diagram of the randomized pretest-posttest control-group design is described below. R refers to the
randomization process, X refers to the implementation of the treatment protocol, and O refers to the observation
of the pretest before X or posttest after X.

Treatmentgroup R O X O
Control group R O 0]

The following procedures are followed in this type of design; (i) subjects are randomized into the treatment and
control groups, (ii) a pretest questionnaire is administered before subjects receive treatment and control
protocols, (iii) treatment and control group protocols are administered, and (iv) a posttest questionnaire is
administered after subjects receive treatment and control protocols. Control group subjects could receive the
business-as-usual approach or another intervention different from the treatment group. Data collected from this
type of design can be analyzed via an ANCOVA model. The approximate standard error for the treatment effect
takes the form of

— 1 —R?
SE(ES) = o =pm '

with v =n — g — 2 degrees of freedom (Bloom, 2006, p. 12; Dong & Maynard, 2013, p. 45). R? is the
proportion of variance in the posttest explained by the pretest. p is the treatment group allocation rate
(proportion of subjects in the treatment group). n is the total sample size in the treatment and control groups. g
indicates the number of covariates (g = 1 when pretest is the only covariate). To determine MRSS for this type
of design, one can use PowerUpR (Bulus et al., 2021) R package or PowerUp! (Dong & Maynard, 2021) Excel
workbook for this purpose. These freeware will be described in the software illustration section momentarily.

Randomized Posttest-only Control-group Design

The diagram of the randomized posttest-only control-group design is described below.
Treatmentgroup R X O
Control group R o]

The following procedures are followed in this type of design; (i) subjects are randomized into the
treatment and control groups, (ii) treatment and control group protocols are administered, and (iii) a posttest
questionnaire is administered after subjects receive treatment and control protocols. Similarly, control group
subjects could receive the business-as-usual approach or another intervention different from the treatment group.
Data collected from this type of design can be analyzed via an ANOVA model. Per G*Power 3.1 guide (p. 49),
the approximate standard error for the treatment effect takes the form of

— 1
SE(ES) = o =—pm ?

with v = n — 2 degrees of freedom. The remaining parameters are defined earlier. The relevant specification in
G*Power is "Test family: t-tests" and "Statistical test: Means: Difference between two independent means (two
groups)." Note that when pretest information is not available in Equation 1 (R* = 0 & g = 0), it converges to
Equation 2. Alternatively, one can use PowerUpR (Bulus et al., 2021) R package or PowerUp! (Dong &
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Maynard, 2021) Excel workbook for this purpose. Note that in this case R> = 0 and g = 0 in PowerUpR and
PowerUp!

Optimal Design of True Experiments

Conducting an experiment can be costly. Naturally, costs for the treatment group could be higher than
costs for the control group. When the cost per subject in treatment and control groups is differential, it is
desirable to sample less from the group with higher costs. Higher costs associated with the treatment group may
emerge from new materials, new approaches to learning, hiring experts, and other overhead costs needed to
develop and implement an intervention. Overhead costs for treatment and control groups can be divided by the
number of subjects in each group and added to the subject-unique costs. In this case, each subject in the
treatment and the control groups will be associated with differential costs. Therefore, it is reasonable to sample
fewer subjects from the treatment group and more subjects from the control group. In what follows, analytic
expressions are derived to find optimal p and n given total cost or budget.

Let Crrrand Cerre be the cost per subject in treatment and control groups, respectively. Let also Cror be
the total cost or budget. Total cost is the sum of the costs for treatment and control groups. Costs for the
treatment and control groups can be expressed as the subject-level cost in each group multiplied by the number
of subjects in each group. There are pn subjects in the treatment and (1 — p)n subjects in the control group.

Then, the following equation can be defined as
Cror = pnCrgpr + (1 —pInCerp,, 3
Re-arranging Equation 3, n can be expressed as
CTOT
n= 4
pCrrr + (1 —p)Cerpy,
Plugging Equation 4 for n in Equation 1, the squared standard error can be expressed as
1-R? (pCTRT +(1— p)CCTRL>
p(1-p)
In order to find optimal p that minimizes the squared standard error in Equation 5, one needs to take the
derivative of SE(ES)” with respect to p as

N2
aSE(ES) _ 1—R? (pZCTRT -(1- p)ZCCTRL) 6
dp Cror p?(1 —p)?

Setting Equation 6 to zero and solving for p produces the optimal p as

vV CCTRL
P="F—" 7
CTRT + CCTRL
Equation 7 can be further simplified. Define cost ratio as CR = Crgr/Cerry, then
1
P 1+Ver

Equations 4 and 8 can be used to devise a randomized pretest-posttest control-group design optimally. First, one
would need to have information on the cost ratio. Once the cost ratio is known, optimal p can be obtained using
Equation 8. In the second step, optimal p can be plugged in Equation 4 to get an estimate for n.

SE(ES)” =

CTOT

8

Weak Experiments

Although weak experiments are presented here, they are not the first choice to produce knowledge for
evidence-based practices. They should be preferred when randomization is not feasible. They are described
below for interested readers.

Non-equivalent Pretest-posttest Control-group Design

The diagram of the non-equivalent pretest-posttest control-group design is described below.
Treatmentgroup O X O
Control group O O
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The following procedures are followed in this type of design; (i) a pretest questionnaire is administered
to subjects in two naturally occurring groups (e.g., classroom) before they receive treatment and control
protocols, (iii) treatment and control group protocols are administered to these two groups, and (iv) a posttest
questionnaire is administered after these two groups receive treatment and control protocols, respectively. Note
that there is no randomization. Data collected from this type of design can also be analyzed via an ANCOVA
model. The approximate standard error for the treatment effect is adapted from Oakes and Feldman (2001, p.
15) as

SE(ES) = J LR 9

p(1—p)n(1—Rix)

with v =n — g — 2 degrees of freedom. Unlike earlier designs, R% is the squared point-biserial correlation
between the pretest variable and the treatment indicator. It represents the proportion of variance in the pretest
explained by the treatment indicator.

Non-equivalent Posttest-only Control-group Design

The diagram of the non-equivalent posttest-only control-group design is described below.
Treatmentgroup X O
Control group 0]

The following procedures are followed in this type of design; (i) treatment and control group protocols
are administered to two naturally occurring groups, and (ii) a posttest questionnaire is administered after these
two groups receive treatment and control protocols, respectively. There is no randomization. Data collected
from this type of design can also be analyzed via an ANOVA model. The approximate standard error for the
treatment effect can be obtained via re-expressing Equation 9 as

1

SE(ES) = J 10

p(1—p)n(1 — Riy)

with v = n — 2 degrees of freedom. One could righteously argue that R2, does not apply to this formulation
because pretest information is not collected. Although pretest information is not collected, differences between
treatment and control groups at the baseline would affect standard error of the treatment effect. Thus, it would
be a good practice to have a guesstimate for R2, and determine sample size accordingly. Other parameters are
defined earlier.

Sample Size Determination in True Experiments

In this section, the nuts and bolts of sample size determination in randomized pretest-posttest control-
group design will be described. First, in the software illustrations section, PowerUpR and PowerUp! will be
used to determine the sample size for a hypothetical intervention. Second, in the optimal design section, a step-
by-step guide will be provided to optimally design a hypothetical intervention, along with the description of the
Optimal Design Excel workbook accompanying this article. Finally, in the table illustration section, the relevant
table in the Appendix will be used to determine sample size without using any software packages.

Software Illustrations
There are a few points to consider when determining the minimum required sample size (MRSS):

e Type | error rate can be defined as the probability of finding a treatment effect in the sample when
there is no effect in the underlying population. It is usually specified as 05%, the default value in
PowerUpR (alpha = .05).

e  Power rate can be defined as the probability of finding a treatment effect in the sample when there is an
effect in the underlying population. It is usually defined as 80% in social science, which is the default
value in PowerUpR (power = .80).

o  Whether the hypothesis test is one-tailed or two-tailed. Generally, a two-tailed hypothesis test is
performed assuming that the intervention could either be beneficial or detrimental, the default value in
PowerUpR (two.tailed = TRUE).

e  The minimum relevant effect size (MRES), standardized according to Cohen's d. MRES is usually
defined as 0.20 or 0.25 in education research, the default value in PowerUpR (es = 0.25). An
MRES of 0.25 means that a minimum meaningful treatment effect bumps an average student's score by
ten percentile points.
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e Treatment group allocation rate (p) is defined as the proportion of subjects in the treatment group.
Allocating half of the sample into the treatment group produces the smallest variance (or maximum
power rate), which is the default value in PowerUpR (p = .50).

e The proportion of variance in the posttest explained by the pretest and other covariates (R?). There is
not much research in Turkey that provides R? values for planning experimental designs beyond Bulus
and Koyuncu (2021). Brunner et al. (2018) analyzed PISA data for 81 countries, including Turkey, and
provide design parameters for planning cluster-randomized trials. Their results apply to 15 years old
students. If the interest is the explanatory power of socio-demographic variables for high school
students, R? values reported for student-level can possibly be used. Socio-demographic variables
explain a small amount of variance in academic achievement (Median R? = .05), affect and motivation
(Median R? = .01), and learning strategies (Median R? = .01) at the student level. R? should rely on
earlier literature or some existing data targeting the same outcome. The correlation between the pretest
and the posttest tends to be higher with affective outcomes because, in comparison to cognitive
outcomes, they tend to persist over time. This tendency for a stronger relationship manifests itself as
higher R? values. In fact, for true experiments, Bulus and Koyuncu (2021, p. 32) reported that average
values for affective and cognitive outcomes are R? = .38 and R? = .22, respectively (r2 = .38 or r2
= .22).

MRSS computations can be performed considering the information presented above. For this purpose,
PowerUpR R package and PowerUp! Excel workbook will be used. These two freeware have the same naming
conventions and employ the same algorithms to determine MRSS. Although these statistical packages are
mainly designed for multilevel randomized experiments, they also include a function for randomized pretest-
posttest control-group design under the "Individual Random Assignment" function or module.

First, we need to install the PowerUpR package in the R environment and load it into the current
session using the following code (or any other package installment routine). GitHub code repository has the
most recent version of the package. Once available, the package can also be downloaded from the CRAN
repository.

require (devtools)
install github ("metinbulus/PowerUpR")
library (PowerUpR)

The function that allows MRSS computation in PowerUpR is mrss.ira (). Earlier versions of the PowerUpR
package available on CRAN uses mrss.iralrl () name. Considering R? from Bulus and Koyuncu (2021),
MRSS for an intervention targeting to improve an affective outcome (e.g. affect and motivation) or a cognitive
outcome (e.g. achievement) can be computed as:

# MRSS for an affective outcome

mrss.ira(alpha = .05, power = .80, two.tailed = TRUE,
es = .25, g=1, r2 = .38, p = .50)

# n = 313

# MRSS for a cognitive outcome

mrss.ira (alpha = .05, power = .80, two.tailed = TRUE,
es = .25, g=1, r2 = .22, p = .50)

# n = 394

If one opts for PowerUp! Microsoft Excel workbook, it should be downloaded from
https://www.causalevaluation.org/uploads/7/3/3/6/73366257/powerup.xIsm. MRSS can be computed for each
type of outcome using PowerUp! Module IRA with identical specifications (see Figures 1 and 2).
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Model 1.0: Sample Size Calculator for Individual Random Assignment Designs (IRA)—Completely Randomized
Controlled Trials

Assumptions Comments

MRES = MDES 025 Minimum Relevant Effect Size = Minimum Detectable Effect Size
Alpha Level () 0.05  |Probability of a Type I error

Two-taled or One-tailed Testr? 2

Power (1-B) 0.80  |Statistical power (1-probability of a Type II error)

P 0.50 Proportion of the sample randomized to treatment: ny / (nr + ng)
RrR? 0.38 Percent of vamance in the outcome explained by covanates

k* 1 The number of covariates used

M (Multipher) 281 Automatically computed

N (Sample Size) 314 The number of individuals needed for the given MDES.

Figure 1. MRSS for an intervention targeting an affective outcome.

Model 1.0: Sample Size Calculator for Individual Random Assignment Designs (IRA)—Completely Randomized
Controlled Trials

Assumptions Comments

MRES = MDES 0.25 Minimum Relevant Effect Size = Minimum Detectable Effect Size
Alpha Level (x) 0.05  |Probability of a Type I error

Twwo-tailed or One-tailed Testr 2

Power (1-B) 0.80 Statistical power (1-probability of a Type II error)

P 0.50 Proportion of the sample randomized to treatment: nr / (nr + nc)
Rr2 022 Percent of variance in the outcome explained by covariates

k* 1 The number of covanates used

M (Multplier) 2.81 Automatically computed

|N (Sample Size) 394 The number of individuals needed for the given MDES.

Figure 2. MRSS for an intervention targeting a cognitive outcome.

Considering MRSS result for an intervention targeting a cognitive outcome only, for example, one can
report the power analysis procedure in a paragraph as follows:

For this randomized pretest-posttest control-group design, we assume that the pretest
explains 22% of the posttest variance (Bulus and Koyuncu, 2021). We further assume that the
hypothesis test is two-tailed, the Type | error rate is 5%, and the power rate is 80%. Under these
conditions, based on PowerUpR (Bulus et al., 2021) or PowerUp! (Dong & Maynard, 2013), a
sample of 394 subjects equally allocated to treatment and control groups is needed to detect an effect
size as small as 0.25.

Readers are referred to Dong and Maynard (2013) for more complicated randomized experiments. In
multisite randomized experiments, subjects are randomly assigned into the treatment and control groups within
sites or blocks (Bloom, 2006; Dong & Maynard, 2013; Hedges & Rhoads, 2010; Raudenbush & Liu, 2000;
Konstantopoulos, 2008a). In cluster-randomized experiments, entire clusters are randomly assigned into the
treatment and control groups (Dong & Maynard, 2013; Hedges & Rhoads, 2010; Konstantopoulos, 2008b).
Finally, in multisite cluster-randomized experiments, entire clusters are randomly assigned into the treatment
and control groups within sites or blocks (Dong & Maynard, 2013; Hedges & Rhoads, 2010; Konstantopoulos,
2008a; Schochet, 2008; Spybrook, 2007). To estimate sample size in such complex experiments, researchers
can use PowerUpR (also available through https://powerupr.shinyapps.io/index/) or PowerUp!.

Optimal Design under Differential Costs

The task of undertaking an experiment can be costly. Expenses can either be covered by the researcher
or can be solicited from funding agencies. In either case, one can optimally allocate subjects into treatment and
control groups if costs associated with treatment and control units are available. Optimal Design Excel
workbook accompanying this article implements optimal design formulas presented in this study. The step-by-
step approach to optimal design of randomized pretest-posttest control-group design is presented in Figures 3 to
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6. The Optimal Design Excel workbook can also be used to optimally devise a randomized posttest-only control
group design.

Assume that the reserved budget is 2000, which cannot be increased (fixed budget). Further, assume
that costs associated with each treatment and control unit are 20 and 5%, respectively. Defining these values in
the Optimal Design Excel workbook (yellow highlighted cells) produces a sample size of 200 with an allocation
rate of p = 0.33 (see Step 1 in Figure 3).

Optimal Design of Randomized Pretest-Posttest Control-group
Design under Differential Cost
Parameters Values
- . Total cost or budget 2,000&
Step 1: Find optimal p and n Cost per treatment unit 20
Cost per control unit 5%
Treatment group sampling rate (p) 0.33
Total sample size (n) 200

Figure 3. Step 1 in Optimal Design Excel workbook.

We know this is the best allocation that produces minimum variance (or maximum power) compared
to alternative allocations under identical budget constraints. However, we still do not know what power rate this
allocation will produce. The question is: What is the power rate for the optimal allocation rate (p = .33) and the
sample size (n = 200)? Using PowerUpR, the power rate is computed as 47% (see Step 2 in Figure 4). If the
total cost or budget is fixed at 2000%£, this the best we can do.

power.ira (alpha = .05, two.tailed = TRUE,
es = .25, g=1, r2 = .22,

Step 2: Check the power rate in p = .33, n = 200)

PowerUpR or PowerUp! given | # Statistical power:

optimal p and n produced in Step 1. | # ~ T T T T oo

Specify other design parameters | ¥ 0-4695

according to your study field. Ifthe | # ="~~~ """~ m e e e

total cost or budget is fixed stop

here.

=+

Degrees of freedom: 197
Standardized standard error: 0.095
Type I error rate: 0.05

Type II error rate: 0.535
Two-tailed test: TRUE

H= S e o e

Figure 4. Step 2 in Optimal Design Excel workbook.

Suppose the total cost or budget is flexible. In that case, we can demonstrate that we opted for a cost-
efficient allocation via exploring alternatives. The allocation rate does not change because it depends on per unit
costs in treatment and control groups. The question is: What is the sample size and the total cost for a power rate
of 80% given the optimal allocation rate (p = .33)? PowerUpR produces a sample size of 445, which will cost

4450% (see Step 3 in Figure 5).

mrss.ira(alpha = .05, power = .80,
two.tailed = TRUE,

Step 3: For the desired power rate
es = .25, g=1, r2 = .22,

(80%), find the required sample size

given optimal p produced in Step 1. - p = .33)

Then, re-estimate the total cost or | = = 445

budget. Total sample size (n) 445
Treatment group sampling rate (p) 0.33
Total cost or budget 4,450

Figure 5. Step 3 in Optimal Design Excel workbook.

The next question is: What the sample size would have been for a power rate of 80% had we used a
balanced allocation (p = .50) and how much would that cost? Had we used a p = .50 allocation rate instead of p
= .33, we would have needed 394 subjects which would have cost 4925% (see Step 4 in Figure 6).

mrss.ira (alpha = .05, power = .80,
two.tailed = TRUE,
es = .25, g=1, r2 = .22,

Step 4: For the desired power rate
(80%), find the required sample size
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(n) with the balanced allocation rate p = .50)

g;st (.)srotzﬁggeetr.h re-estimate the total b o= 394 |
Total sample size (n) 394
Treatment group sampling rate (p) 0.50
Total cost or budget 4,925¢
Save 475¢

Figure 6. Step 4 in Optimal Design Excel workbook.

Using an optimal allocation rate of p = .33, we save 475 while preserving a power rate of 80%.
Researchers can decide whether they should spend the extra 475% and go with the more balanced sample.
Sometimes, severally unbalanced samples produce unstable estimates in the analysis of variance. Readers are
referred to Bulus & Dong (2021a) for the optimal design of more complicated experimental designs.
Researchers can use the cosa R package (also available through https://cosa.shinyapps.io/index/; Bulus & Dong,
2021b) for this purpose.

Table Hlustration

Tables 1A — 7A in the Appendix tabulate the main factors affecting MRSS. MRSS depends on whether
the hypothesis test is two-tailed, the Type | error rate («), the treatment group allocation rate (p), the explanatory
power of the pretest (R%), and the minimum relevant effect size (MRES). Tables are reproduced considering
MRES values ranging from 0.20 to 0.50. There are two rationales for these specifications; an MRSS capable of
detecting the MRES = 0.20 is an acceptable standard in education research. It is considered the minimum
meaningful effect according to Cohen's d when there is no theory that guides MRES specification. Besides,
Bulus and Koyuncu (2021) found that the average sample size for experiments conducted in Turkey between
2010 and 2020 is insufficient to detect MRES values of 0.50 and below. Type I error rate (a) specifications are
based on common reporting guidelines in scholarly work (* p < .05, ** p < .01, and *** p < .001). The
treatment group allocation rate (p) ranges from .35 to .50 because differential costs may impel researchers to
draw more subjects from the control group. After all, it is less costly. p = .50 produces the smallest MRSS
(minimum variance or maximum power) under no cost considerations. R? can be as high as .70, according to
values reported in Hedges and Hedberg (2013). Thus, the explanatory power of the pretest (R?) ranges from 0 to
.70.

Table 2A.
Minimum Required Sample Size for Randomized Pretest-posttest Control-group Experimental Design when)MRES = 0.25

Minimum Required Sample Size (1)

| | G*Power PowerUpR

Hypothesis v Allocation v oy p=g p=30 [R=35_R=40) R=45 R=350 R:=55 R'=60 R=65 R:=1T0
Test o4 Ratio el . ] ] ] ] ] ]

0.001 186 035 1094 1092 765 711 1657 602 548 494 439 385 331
0001 150  040| 1036 1035 726 674 1623 571 520 468 417 365 314

0001 122  045| 1006 1004 704 654 1604 554 S04 454 404 354 304

0.001 100 0350 | 996 994 697 647 1598 549 499 450 400 351 301

2 0.01 18 035 710 708 497 461 1426 391 355 320 285 250 214
£ 0.01 150 040| 672 672 471 437 1404 371 337 304 270 237 203
3 0.01 122 045| 652 651 457 424 1392 359 327 295 262 230 197
S 0.01 100 050| 646 645 452 420 1388 336 324 292 260 227 195
0.05 18  035| 438 436 306 284 262 241 219 197 175 154 132

0.05 150  040| 414 414 290 269 249 228 208 187 166 146 125

0.05 122 045| 402 401 281 261 ;241 221 201 181 161 41 121

0.05 100 050| 398 397 278 259 1239 219 199 180 160 140 120

0001 186 035 1208 1206 846 785 725 665 605 545 485 425 365

0.001 150 040 | 1144 1143 802 745 .688 631 574 517 460 403 346

0001 122  045| 1110 1109 778 722 1667 612 557 502 446 391 336

0001 100  0350| 1100 1098 770 715 1661 606 551 497 442 387 333

T 0.01 18  035| 826 824 578 537 1496 455 414 373 332 291 249
£ 0.01 150  040| 782 782 548 509 1470 431 392 353 315 276 237
$ 0.01 122 045| 760 758 532 494 1456 418 381 343 305 267 230
e 0.01 100 050| 752 751 526 489 1452 414 377 339 302 265 227
0.05 18  035| 554 554 388 361 1333 306 278 250 223 195 168

0.05 150 040| 526 525 368 342 316 290 264 237 211 185 159

005 122  045| 510 509 357 32, 4306, 281 256 230 205 180 154

(005] 100 f050] 506 504 354 (328) (303) 278 253 228 203 178 153

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% fer-ll desipns” a is the Type I error rate. Allocation ratio is (1-p) / p and is the
required input for G*Power. ;i refers to the total sample size. R?1s the proportion of variance in the post-test explained by the pre-test vaniable (and other
covariates, if available). If only pretest is included in the model, R? can be interpreted as the squared correlation between the pretest and posttest. There will be
p % i subjects in the treatment group and (1-p) = » subjects in the control group. G*Power specifications: "Test family: t tests” and "Statistical test: Mearns:
Difference between two independent means (two groups)".
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Figure 7. Finding MRSS from tables in the Appendix (or Supplemental Excel workbook) based on MRES and
R? specifications.

Let us find the MRSS for an experiment targeting an affective outcome. The default option for linear
regression or t-test in SPSS and R produces p-values for a two-tailed hypothesis testing. Thus, we look at the
rows in the "Two-tailed” section (see Figure 7). One could argue that the MRES value of 0.25 is the minimum
meaningful improvement in education policy and practice. An MRES = 0.25 means that an intervention could
bump up an average student's score from the 50" percentile to the 60" percentile. Thus, Table 2A in the
Appendix is chosen. Bulus and Koyuncu (2021) reported that the explanatory power of the pretest for affective
outcomes is .38 on average, a value between R? = .35 and R? = .40 (see Figure 7). It is common to deem a
program effective if the p-value for the treatment effect is below .05. Thus, the row with @ = .05 is chosen (see
Figure 7). Without any cost considerations, it is ideal to choose a balanced sample (p = .50).

For R? = .35 we need 328 subjects whereas for R? = .40 we need 303 subjects. A difference of .05 in R?
corresponds to a difference of 25 subjects in MRSS. R? = .38 is .02 (2/5 of the difference) units away from the
R? = .40, so approximately the sample size will be 2/5 of 25 (10 subjects) more. As a result 303 + 10 = 313
subjects are needed in total. Note that this number is the same as the MRSS found in the software illustration
section. An MRSS of 313 is the minimum required number. Surely more subjects can be recruited. Finally, one
could randomly allocate 157 subjects into the treatment group and the remaining 157 subjects into the control
group.

One can report the power analysis procedure in a paragraph as follows:

For this randomized pretest-posttest control-group design, we assume that the pretest
explains 38% of the posttest variance (Bulus and Koyuncu, 2021). We further assume that the
hypothesis test is two-tailed, the Type | error rate is 5%, and the power rate is 80%. Under these
conditions, based on Table 2A in Bulus (2021), we decided on a sample of 314 subjects equally
allocated to treatment and control groups to detect an effect size as small as 0.25.

Sample Size Determination in Weak Experiments
Table Illustration

There is no known software to determine MRSS for a non-equivalent pretest-posttest control-group
design (R? > 0) and non-equivalent posttest-only control-group designs (R? = 0) yet. Researchers can use Tables
S1-S28 in the Supplement for this purpose. Using the same specifications in Figure 7, except that now treatment
and control groups are not equivalent on the pretest score, we can find the MRSS for a non-equivalent pretest-
posttest control-group design. Assume that the point-biserial correlation between the pretest and treatment
indicator is 0.243, translating into a standardized pretest difference of 0.50 between treatment and control
groups. From the INDEX worksheet in Figure 8, one can choose Table S8 for this purpose.

Appendix - Randomized Pretest-posttest Control-group Design
(True Experiment)

Supplement - Non-equivalent Pretest-posttest Control-group
Design (Weak-experiment)

R 0, X 0, 0, X 0,
R 0, 0, 0; 0,
E: Random assignment. O: Observed measurement. X Exposure to O: Observed measurement. X Exposure to treatment.

treatment.

Minimum Required Sample Size for Randomized Pretest-posttest Control-
group Design (True Experiment)

Minitmem Required Sample Size for Non-equivalent Pretest-postiest
Control-group Design (Weak experiment)

Pretest

Reference Mml;nflfg tRS?l:;am Difference C'crrilc:ti:]?:m?} - Reference Mm;nfgt tRS?l:;am Pretest Difference  Point-biserial
Table (MRES) |\IPR_ED.IFF.: . Table (MRES) (PREDIFF) Correlation (7 1)
Table A1 0.20 Table 51 0.20 0.20 0.100
Table A2 025 Table 52 0.20 0.30 0.148
Table A3 0.30 Table 53 0.20 0.40 0.195
Table A4 035 Table 54 0.20 0.50 0243
Table A5 0.40 Table 85 0.25 0.20 0.100
Table A6 045 Table 56 0.25 0.30 0.148
Table A7 0.50 0.00 0.00 Table 87 025 0.40 0.195
Note. PREDIFF: Standardized pretest difference between treatment and Table 58 0.25 0.50 0.243
control groups. r o Point-biserial corraltion between pretest and treatment Table 59 0.30 0.20 0.100
indicator. Table S10 0.30 0.30 0.148

Figure 8. Finding the relevant table from the Supplemental Excel workbook based on MRES and pretest
difference specifications.
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For R? = .35 we need 349 subjects whereas for R? = .40 we need 322 subjects (see Figure 9). A
difference of .05 in R? corresponds to a difference of 27 subjects in MRSS. R? = .38 is .02 (2/5 of the difference)
units away from the R® = .40, so approximately the sample size will be 2/5 of 27 (~11 subjects) more. As a
result, 322 + 11 = 333 subjects are needed in total. Twenty more subjects are needed compared to the earlier
example with randomized pretest-posttest control-group design due to the pretest differences between treatment
and control groups.

ﬁiﬂ&ﬁ.&hﬂ“m Required Sample Size for Non-equivalent Pretest-posttest Control-group Experimental Design [MRES = 0.25 §
PREDIFF = .5

Alpha ) R2=0 R2=30 |R2=35 R2=40] R2=45 R2=50 R2=55 R2=60 R2=65 R2=70

0001 035 1160 813 755 | 698 640 582 524 467 409 351

0001 040 1100 7 716 1 662 607 552 497 442 388 333

0001 045 1066 748 695 | 642 589 535 482 429 376 323

0001 050 1056 740 688 ! 635 583 530 478 425 372 320

> 0.01 0.35 753 528 490 1 453 415 378 340 303 265 228

& oo 0.40 714 500 465 | 429 394 358 323 287 251 216

of 0.01 045 692 485 451 1416 382 347 313 278 244 209

0.01 0.50 685 480 46 412 378 344 310 276 241 207

0.05 035 464 325 32 12w 256 233 209 186 163 140

0.05 0.40 440 308 286 1 264 242 221 199 177 155 133

0.05 045 426 299 2718 | 256 235 214 193 171 150 129
0.05 0.50 422 296 275 1254 233 212 191 170 149 VIl coTo
0.001 035 1281 898 834 , M 707 643 579 515 452 [Tl INDEX

0.001 040 1215 852 791 1731 670 610 549 489 428 368

0001 045 1178 826 767 1 709 650 591 533 474 415 357

0001 050 1166 818 760 | 702 644 586 528 469 411 353

0.01 0.35 876 614 570 1527 483 440 396 352 309 265

0.01 0.40 830 582 541 ) S00 458 417 375 334 293 251

0.01 045 805 565 525 484 444 404 364 324 284 244

0.01 0.50 797 559 519 1 480 440 400 361 321 281 241

0.05 0.35 589 413 383 : 354 325 295 266 237 207 178

0.05 0.40 558 391 363 1336 308 280 5 224 197 169

252
i_[].(;]_4< - T_Q_-i_ﬂ | _ 541 _ _ 379 _ 2 (/3"\_. 298 272 245 218 191 164
0.05 0.50 536 376 m 322 296 269 242 215 189 162
Note. Statistical power is fixed at 80% for all designs. M the‘ﬂ‘xe-"!{(’pe I error rate. p is the treatment group allocation rate (proportion
of subjects in the treatment group). Values in table (») refers to the total sample size. There will be p» subjects in the treatment and (/-p)n
subjects in the control condition. MRES: Minimum relevant effect size. PREDIFF: Standardized pretest difference between treatment and

control groups. R2: Proprotion of variance in the posttest explained by the pretest variable. R2 = 0 applies to non-equivalent posttest only
control-group experimental designs.

< K s MRES = .25 & PREDIFF = 40 MRES = .25 & PREDIFF = .50 MRES = .30 & PREDIFF = .20 MRES = .30 & PREDIFF = .30

Figure 9. Finding MRSS from the Supplemental Excel workbook based on MRES, R?, and pretest difference
specifications.
One can report the power analysis procedure in a paragraph as follows:

This non-equivalent pretest-posttest control-group design assumes that the pretest
explains 38% of the posttest variance (Bulus and Koyuncu, 2021). We further assume a point-biserial
correlation of .243 between the pretest and treatment indicator, translating into a standardized pretest
difference of 0.50 between treatment and control groups. We further assume that the hypothesis test
is two-tailed, the Type | error rate is 5%, and the power rate is 80%. Under these conditions, based
on Table 8S in Bulus (2021), we decided on a sample of 334 subjects (167 of them in the treatment
and 167 of them in the control group) to detect an effect size as small as 0.25.

Discussion

Researchers can use G*Power for randomized posttest-only control-group designs. They can also use
PowerUpR or PowerUp! via setting R = 0 and g = 0 for this purpose. Collecting pretest information and other
covariates means that R? > 0. This reduces the required sample size for an experiment. As for the randomized
pretest-posttest control-group designs, researchers can use PowerUpR or PowerUp! via setting R? > 0 and g > 0
depending on the explanatory power of the pretest and covariates. G*Power and PowerUpR results are
comparable when the explanatory power pretest or covariates is zero (R? = 0). PowerUpR allows R?> 0, whereas
there is no convenient option in G*Power for pretest adjustment. Results differ by one or two units in some
cases, possibly due to internal rounding differences used during intermediate computations. It is possible to
convert G*Power results for R? = 0 to other scenarios with R* > 0. If one multiplies G*Power results for R*= 0
by the term (1 - R?), they will obtain sample sizes comparable to PowerUpR. For example, to detect MRES =
0.20 using a two-tailed test with & = .05, p = .50, and R® = .50, PowerUpR produces an MRSS = 394 (see Table
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1A in the Appendix). G*Power produces an MRSS = 788 with the same specifications. If we multiply the result
from G*Power by (1 — R?), we get 394, which is the same as the result produced by PowerUpR.

Alternatively, one can use Tables 1A through 7A in the Appendix for randomized posttest-only control
group design (R = 0 & g = 0) and randomized pretest-posttest control-group designs (R*> > 0 & g > 0). There are
some evident trends in MRSS values reported in Tables 1A—7A in the Appendix. Two-tailed hypothesis tests
require larger sample sizes compared to one-tailed hypothesis tests. The smaller the Type | error rate (a), the
larger the sample size requirement. A balanced sample (p = .50) requires a smaller sample size than an
unbalanced sample (though one may favor unbalanced samples under differential costs). The bigger the value of
R?, the smaller the sample size requirement. Finally, to detect smaller MRES, larger sample sizes are required.

There is no known software to find MRSS for non-equivalent posttest-only control-group design (R* =
0) and non-equivalent pretest-posttest control group design (R* > 0). One can use Tables 1S through 28S in the
Supplemental Excel workbook for this purpose. Trends observed in Tables 1A—7A for true experiments apply to
Tables 1S-28S for weak experiments. For a small point-biserial correlation between pretest and treatment
indicator (r;y = .10), in other words, for a small standardized difference on the pretest between treatment and
control groups, MRSS values hardly differ between tables in the Appendix and tables in the Supplement. For a
moderate to large correlation (17, = .30 and above), in other words, a moderate standardized difference on the
pretest between treatment and control groups, differences between Tables in the Appendix, and those in the
Supplement become noticeable. Weak experiments typically require larger sample sizes.

Weak experiments could be manipulated before an intervention so that treatment and control groups are
comparable on the pretest. One such procedure is known as matching. Subjects not only can be matched on the
pretest but they can also be matched on other relevant covariates. These designs are referred to as quasi-
experimental designs (Fraenkel et al., 2011). The corresponding quasi-experimental designs would be the
matching-only pretest-posttest control-group and matching-only posttest-only control-group designs (Fraenkel
et al., 2011). Reserving only matched pairs and discarding remaining subjects will reduce the sample size and
result in a loss of power. Assuming that the pretest difference between treatment and control groups is negligible
after matching, one can use Tables 1A-7A to determine MRSS values and plan their sample size accordingly.
There are other methods to ensure that treatment and control groups are comparable; propensity score matching
(Rosenbaum & Rubin, 1983), prognostic scores (Hansen, 2006, 2008; Wyss et al., 2015), prognostic propensity
scores (Leacy & Stuart, 2013), coarsened exact matching (lacus et al., 2012), inverse probability of treatment
weighting (Huber, 2014). The description of these methods is beyond the scope of this study. Readers are
referred to the references.

Formulas described in this study, software illustrations, and MRSS values in Tables 1A-7A and 1S—
28S assume that observations are independent of each other. This assumption is often violated in practice
because students are nested within classrooms (or teachers), and classrooms are nested within schools. Students
in the same classroom or school tend to perform similarly. In other words, their scores are correlated due to
contextual effects. Design and analysis experiments with nested structure require specialized statistical tools. An
emerging bulk of studies consider this nested structure in the design of experiments (e.g., Bloom, 2006; Dong &
Maynard, 2013; Hedges & Rhoads, 2010; Raudenbush & Liu, 2000; Konstantopoulos, 2008a; Konstantopoulos,
2008b; Schochet, 2008; Spybrook, 2007 and many others). To find MRSS for such complex experimental
designs, researchers can use the PowerUpR or PowerUp!

Conclusion

This study elaborated on the nuts and bolts of sample size determination (or power analysis) in true
experiments (randomized pretest-posttest control groups design and randomized posttest-only control-group
design) and weak experiments (non-equivalent pretest-posttest control-group design and non-equivalent
posttest-only control group design). In addition, illustrations provided step-by-step guidance on using G*Power,
PowerUpR, and PowerUp! freeware to determine MRSS for true experiments. Furthermore, the optimal design
of true experiments is illustrated using the companion Optimal Design Excel workbook. Finally, this study
provided MRSS values for common scenarios in Tables 1A-7A for true experiments and Tables 1S-28S for
weak experiments.

G*Power and PowerUpR produced the same results for randomized posttest-only control-group
designs. G*Power results can be converted to PowerUpR via multiplying them by (1-R?). PowerUpR and
PowerUp! cover a broader range of experimental designs. Either of them can be used to design a randomized
pretest-posttest control-group design. The software illustration section defined relevant design parameters and
discussed reasonable values for them. One crucial design parameter is the minimum relevant effect size
(MRES). Effects below the benchmark MRES would not be an interest to education policy and practice. When
no data or literature is available for benchmark MRES value, 0.20 or 0.25 can be used. The second crucial
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parameter is R? value defined as the proportion of variance in the posttest explained by the pretest. R? values
should rely on earlier studies of a similar kind. When no information is available, researchers can use R* = .22
for cognitive outcomes and R? = .38 for affective outcomes. These values are based on 155 experimental studies
reviewed in Bulus and Koyuncu (2021).

This study also provided optimal design formulas for randomized pretest-posttest control-group designs
under differential cost assumption. When treatment units are more expensive than control units, and the total
cost or budget is fixed, researchers can find optimal p and n. Optimal p depends on the cost ratio (cost per
treatment unit/cost per control unit), and n depends on total cost or budget given p. Suppose the total cost or
budget is flexible. In this case, the researcher can explore several options described in the illustration. They can
then compare the total cost with p = .50 and decide whether it is worth pursuing an unbalanced design. Suppose
the additional cost induced by the balanced design is not that much. In that case, it is probably better to use a
balanced design. Optimal design formulas are implemented in the Optimal Design Excel workbook
accompanying this article.

Finally, MRSS values in Tables 1A—7A allow researchers unfamiliar with R programming and Excel
workbook to decide on an MRSS for randomized pretest-posttest control groups design and randomized
posttest-only control-group design. There is no known software for finding MRSS in non-equivalent pretest-
posttest control-group design and non-equivalent posttest-only control group design. Tables 1S-28S in the
Supplement Excel workbook are helpful in this aspect.
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Appendix
Table 1A.
Minimum Required Sample Size for Randomized Pretest-posttest Control-group Design when MRES = 0.20

Minimum Required Sample Size (n)

G*Power PowerUpR

Hypothesis Allocation R’=0 R?=0 R’=30 R’=35 R?=40 R’=45 R’=50 R’=55 R’=60 R’=65 R’=.70
Test a Ratio p
000l 186  035| 1704 1703 1194 1109 1024 939 854 769 684 599 514
0001 150 040 | 1616 1615 1132 1051 971 890 810 729 649 568 487
0001 122  045| 1568 1566 1097 1019 941 83 785 707 629 551 473
0001 100 050 | 1552 1550 1087 1009 932 855 777 700 623 545 468
3 001 18  035| 1106 1105 775 719 664 609 554 499 444 389 333
E 001 150  040| 1050 1048 734 682 630 578 525 473 421 368 316
o 001 122  045| 1018 1016 712 661 611 560 509 459 408 357 307
S 001 100 050| 1008 1006 705 655 605 555 504 454 404 354 304
005 18  035| 682 68l 477 443 409 375 341 307 273 239 205
005 150  040| 646 646 452 420 388 356 324 291 259 227 195
005 122  045| 626 626 439 407 376 345 314 283 251 220 189
005 100 050| 620 620 434 403 372 342 311 280 249 218 187
000l  1.86  0.35| 1882 188l 1318 1225 1131 1037 943 849 755 662 568
0001 150 040 | 1786 1784 1250 1161 1072 983 894 805 716 627 539
0001 122  045| 1732 1730 1212 1126 1040 954 867 781 695 609 522
0001  1.00 050 | 1714 1712 1200 1115 1029 944 859 773 688 603 517
B 001 18  035| 1288 1286 901 837 773 709 645 581 516 452 388
= 001 150  040| 1220 1220 855 794 733 672 611 551 490 429 368
S 001 122  045| 1184 1183 829 770 711 652 593 534 475 416 357
= 001 100  050| 1172 1171 821 762 704 645 587 529 470 412 353
005 18  035| 866 864 606 563 519 476 433 390 347 304 26l
005 150 040| 820 820 574 533 492 452 411 370 329 288 247
005 122  045| 79 795 557 517 478 438 398 350 319 279 240
005 100 050| 788 787 551 512 473 434 394 355 316 277 237

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% for all designs. « is the Type | error rate. The allocation ratio is (1-p) /
p and is the required input for G*Power. n refers to the total sample size. R?is the proportion of variance in the posttest explained by the pretest
variable (and other covariates, if available). If only the pretest is included in the model, R? can be interpreted as the squared correlation between the
pretest and posttest. There will be p x n subjects in the treatment group and (1-p) x » subjects in the control group. G*Power specifications: "Test
family: t-tests" and "Statistical test: Means: Difference between two independent means (two groups)."”

Table 2A.
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Minimum Required Sample Size for Randomized Pretest-posttest Control-group Design when MRES = 0.25

Minimum Required Sample Size (n)

G*Power PowerUpR

Hypothesis Allocation R2=0 R?*=0 R?=30 R?=35 R?=40 R?=45 R?*=50 R?*=55 R’=60 R’=65 R’=.70
Test a Ratio p
0001 186  035| 1094 1092 765 711 _ 657 602 548 494 439 385 331
0001 150 040| 1036 1035 726 674 623 571 520 468 417 365 314
0001 122  045| 1006 1004 704 654 604 554 504 454 404 354 304
0001 100 050| 996 994 697 647 598 549 499 450 400 351 301
3 0.01 186  035| 710 708 497 461 426 391 355 320 285 250 214
= 0.01 150 040| 672 672 471 437 404 371 337 304 270 237 203
o 0.01 122  045| 652 651 457 424 392 359 327 295 262 230 197
S 0.01 100 050| 646 645 452 420 388 356 324 292 260 227 195
0.05 186  035| 438 43 306 284 262 241 219 197 175 154 132
0.05 150  040| 414 414 290 269 249 228 208 187 166 146 125
0.05 122  045| 402 401 281 261 241 221 201 181 161 141 121
0.05 100 050| 398 397 278 259 239 219 199 180 160 140 120
0001  1.86  035| 1208 1206 846 785 725 665 605 545 485 425 365
0001 150 040 | 1144 1143 802 745 688 631 574 517 460 403 346
0001 122  045| 1110 1109 778 722 667 612 557 502 446 391 336
0001  1.00 050| 1100 1098 770 715 661 606 551 497 442 387 333
o 0.01 186  035| 826 824 578 537 496 455 414 373 332 201 249
= 0.01 150 040| 782 782 548 509 470 431 392 353 315 276 237
S 0.01 122  045| 760 758 532 494 456 418 381 343 305 267 230
e 0.01 100 050| 752 751 526 489 452 414 377 339 302 265 227
0.05 186  035| 554 554 388 361 333 306 278 250 223 195 168
0.05 150 040| 526 525 368 342 316 290 264 237 211 185 159
0.05 122  045| 510 509 357 332 306 281 256 230 205 180 154
0.05 100 050| 506 504 354 328 303 278 253 228 203 178 153

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% for all designs. a is the Type | error rate. The allocation ratio is (1-p) /
p and is the required input for G*Power. n refers to the total sample size. R?is the proportion of variance in the posttest explained by the pretest
variable (and other covariates, if available). If only pretest is included in the model, R* can be interpreted as the squared correlation between the
pretest and posttest. There will be p x n subjects in the treatment group and (1-p) x » subjects in the control group. G*Power specifications: "Test
family: t-tests" and "Statistical test: Means: Difference between two independent means (two groups)."”
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Table 3A.
Minimum Required Sample Size for Randomized Pretest-posttest Control-group Design when MRES = 0.30

Minimum Required Sample Size (n)

G*Power PowerUpR

;'ypOtheSIS A" R=0 R’=0 R’=30 R°=35 R’=40 R’=45 R°=50 R’=55 R’=60 R’=65 R’=.70
est a Ratio p
0.001 186 035| 760 759 533 495 457 420 382 344 306 269 231
0001 150 040 | 722 720 505 470 434 398 362 326 291 255 219
0001 122  045| 700 698 490 456 421 386 351 317 282 247 213
0.001 100 050 | 692 691 485 451 417 382 348 314 279 245 211
2 001 186  035| 494 493 346 321 297 272 248 223 199 174 150
i 001 150 040 | 468 467 328 305 281 258 235 212 188 165 142
o 001 122  045| 454 453 318 295 273 250 228 205 183 160 138
S 001 100 050| 450 449 315 293 270 248 226 203 181 159 136
005 186  035| 304 303 213 198 183 168 152 187 122 107 = 92
005 150 040| 288 288 202 18 173 159 145 130 116 102 87
005 122 045| 280 279 196 182 168 154 140 126 113 99 85
005 100 050| 278 276 194 180 166 153 139 125 111 98 84
0001 186  035| 840 89 589 547 505 464 422 380 339 297 255
0001 150 040 | 79 795 558 519 479 440 400 361 321 282 242
0001 122  045| 772 771 542 503 465 427 388 350 312 273 235
0001 100 050 | 766 764 536 498 460 422 384 346 309 271 233
3 001 186  035| 574 573 402 374 345 317 288 260 231 203 174
i 001 150 040| 546 544 382 355 327 300 273 246 219 192 165
S 001 122 045| 528 527 370 344 318 291 265 239 213 187 160
= 001 100 050| 524 522 366 340 315 289 263 237 211 185 159
005 18  035| 38 38 270 251 232 213 194 174 155 136 117
005 150  040| 366 365 256 238 220 202 184 165 147 129 111
005 122 045| 356 354 249 231 213 196 178 161 143 125 108
005 100 050| 352 351 246 229 211 194 176 159 141 124 107

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% for all designs. « is the Type | error rate. The allocation ratio is (1-p) /
p and is the required input for G*Power. n refers to the total sample size. R?is the proportion of variance in the posttest explained by the pretest
variable (and other covariates, if available). If only pretest is included in the model, R can be interpreted as the squared correlation between the
pretest and posttest. There will be p x n subjects in the treatment group and (1-p) x » subjects in the control group. G*Power specifications: "Test
family: t-tests" and "Statistical test: Means: Difference between two independent means (two groups)."”
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Table 4A.
Minimum Required Sample Size for Randomized Pretest-posttest Control-group Design when MRES = 0.35

Minimum Required Sample Size (n)

G*Power PowerUpR

;'ypOtheSIS A" R=0 R’=0 R’=30 R°=35 R’=40 R’=45 R°=50 R’=55 R’=60 R’=65 R’=.70
est a Ratio p
0001 186 035| 560 559 393 365 337 309 282 254 226 199 171
0001 150 040 | 532 530 372 346 320 294 267 241 215 188 162
0001 122 045| 516 514 361 336 310 285 259 234 208 183 157
0.001 100 050 | 510 509 358 333 307 282 257 232 206 181 156
2 001 186  035| 364 363 255 237 219 201 183 165 147 129 111
= 001 150 040 | 346 344 242 224 207 190 173 156 139 122 105
o 001 122 045| 334 334 234 218 201 185 168 152 1385 118 102
S 001 100 050| 332 33 232 216 199 18 166 150 134 117 101
005 186  035| 224 223 157 146 135 124 112 101 90 79 68
005 150 040| 212 212 149 138 128 117 107 96 86 75 65
005 122  045| 206 205 144 134 124 114 103 93 83 73 63
005 100 050| 204 203 143 133 123 113 102 9 82 72 62
0001 186  035| 620 618 434 403 373 342 311 281 250 219 189
0001 150 040 | 58 58 411 382 353 324 295 266 237 208 179
0001 122  045| 570 568 399 371 343 315 287 258 230 202 174
0001 100 050 | 564 562 395 367 339 312 284 256 228 200 172
3 001 186  035| 424 422 296 275 285 234 213 192 171 150 129
i 001 150 040 | 402 400 281 261 241 222 202 182 162 142 = 122
S 001 122 045| 390 388 273 253 234 215 196 176 157 138 119
= 001 100 050| 38 38 270 251 232 213 194 175 156 137 118
005 186  035| 284 284 199 18 171 157 143 129 115 101 86
005 150 040| 270 269 189 175 162 149 1385 122 109 95 82
005 122 045| 262 261 183 170 157 144 131 118 106 93 80
005 100 050| 260 258 181 169 156 143 130 117 104 92 79

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% for all designs. « is the Type | error rate. The allocation ratio is (1-p) /
p and is the required input for G*Power. n refers to the total sample size. R?is the proportion of variance in the posttest explained by the pretest
variable (and other covariates, if available). If only pretest is included in the model, R can be interpreted as the squared correlation between the
pretest and posttest. There will be p x n subjects in the treatment group and (1-p) x » subjects in the control group. G*Power specifications: "Test
family: t-tests" and "Statistical test: Means: Difference between two independent means (two groups)."”
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Table 5A.
Minimum Required Sample Size for Randomized Pretest-posttest Control-group Design when MRES = 0.40

Minimum Required Sample Size (n)

G*Power PowerUpR

;'ypOtheSIS A" R=0 R’=0 R’=30 R°=35 R’=40 R’=45 R°=50 R’=55 R’=60 R’=65 R’=.70
est a Ratio p
0.001 186  035| 430 429 302 280 259 238 217 196 174 153 132
0.001 150 040 | 408 407 286 266 246 226 206 186 165 145 125
0001 122 045| 3% 395 278 258 239 219 200 180 161 141 122
0.001 100 050 392 391 275 256 236 217 198 178 159 140 120
2 001 186  035| 280 278 196 182 168 154 140 127 113 99 85
i 001 150 040| 266 264 186 172 159 146 133 120 107 94 81
o 001 122 045| 258 256 180 167 155 142 129 117 104 91 79
S 001 100 050| 254 253 178 166 153 141 128 116 103 90 78
005 186  035| 172 171 120 112 103 95 86 78 69 61 53
005 150 040| 164 163 114 106 98 90 82 74 66 58 50
005 122  045| 158 158 111 103 95 87 80 72 64 56 48
005 100 050| 156 156 110 102 94 87 79 71 63 56 48
0001 186  035| 476 474 333 310 286 263 239 216 193 169 146
0001 150 040 | 452 450 316 294 272 250 227 205 183 161 138
0001 122  045| 438 436 307 285 264 242 221 199 177 156 134
0.001 100 050 | 434 432 304 282 261 240 218 197 176 154 133
3 001 18  035| 326 324 228 212 196 180 164 147 131 115 99
i 001 150 040| 308 307 216 201 18 170 155 140 125 110 94
S 001 122 045| 300 298 210 195 180 165 151 136 121 106 92
= 001 100 050| 29 295 207 193 178 164 149 134 120 105 91
005 18  035| 218 218 153 142 131 121 110 = 99 88 7 67
005 150  040| 208 206 145 135 125 114 104 94 84 74 63
005 122  045| 202 200 141 131 121 111 101 91 81 71 61
005 100 050] 200 198 139 130 120 110 100 90 80 4! 61

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% for all designs. « is the Type | error rate. The allocation ratio is (1-p) /
p and is the required input for G*Power. n refers to the total sample size. R?is the proportion of variance in the posttest explained by the pretest
variable (and other covariates, if available). If only pretest is included in the model, R can be interpreted as the squared correlation between the
pretest and posttest. There will be p x n subjects in the treatment group and (1-p) x » subjects in the control group. G*Power specifications: "Test
family: t-tests" and "Statistical test: Means: Difference between two independent means (two groups)."”
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Table 6A.
Minimum Required Sample Size for Randomized Pretest-posttest Control-group Design when MRES = 0.45

Minimum Required Sample Size (n)

G*Power PowerUpR

;'ypOtheSIS A" R=0 R’=0 R’=30 R°=35 R’=40 R’=45 R°=50 R’=55 R’=60 R’=65 R’=.70
est a Ratio p
0.001 186  035| 342 340 239 223 206 189 172 155 139 122 105
0.001 150 040 | 324 322 227 211 195 179 163 148 132 116 100
0001 122 045 314 313 220 205 189 174 159 143 128 112 97
0.001 100 050 312 310 218 203 188 172 157 142 127 111 96
2 001 186  035| 222 220 155 144 133 122 112 101 90 79 68
= 001 150 040| 210 209 147 137 126 116 106 96 85 75 65
o 001 122  045| 204 203 143 133 123 113 103 93 83 73 63
S 001 100 050| 202 201 141 131 122 112 102 = 92 82 72 62
005 18  035| 136 136 95 89 82 75 69 62 55 49 42
005 150 040| 130 129 91 84 78 72 65 59 52 46 40
005 122 045| 126 125 88 82 76 69 63 57 51 45 39
005 100 050| 124 124 87 81 75 69 63 57 50 44 38
0001 186 035| 376 376 264 246 227 209 190 172 153 135 116
0001 150 040 | 358 35 251 233 216 198 181 163 146 128 110
0001 122  045| 348 346 243 226 209 192 175 158 141 124 107
0.001 100 050 | 344 342 241 224 207 190 174 157 140 123 106
3 001 18  035| 258 257 181 168 155 143 130 117 105 = 92 79
i 001 150  040| 244 243 171 159 147 135 123 111 = 99 87 75
S 001 122 045| 238 236 166 155 143 131 120 108 9% 85 73
= 001 100 050| 23 234 165 153 142 130 118 107 95 84 72
005 186  035| 174 172 121 113 104 96 87 79 70 62 53
005 150  040| 164 163 115 107 99 91 83 75 67 59 50
005 122 045| 160 159 112 104 96 88 80 72 65 57 49
005 100 050| 158 157 110 103 95 87 80 72 64 56 49

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% for all designs. « is the Type | error rate. The allocation ratio is (1-p) /
p and is the required input for G*Power. n refers to the total sample size. R?is the proportion of variance in the posttest explained by the pretest
variable (and other covariates, if available). If only pretest is included in the model, R can be interpreted as the squared correlation between the
pretest and posttest. There will be p x n subjects in the treatment group and (1-p) x » subjects in the control group. G*Power specifications: "Test
family: t-tests" and "Statistical test: Means: Difference between two independent means (two groups)."”
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Table 7A.
Minimum Required Sample Size for Randomized Pretest-posttest Control-group Design when MRES = 0.50

Minimum Required Sample Size (n)

G*Power PowerUpR

;'ypOtheSIS A" R=0 R’=0 R’=30 R°=35 R’=40 R’=45 R°=50 R’=55 R’=60 R’=65 R’=.70
est a Ratio p
0.000 186 035 278 276 195 181 167 154 140 127 113 100 86
0.001 150 040 | 264 262 185 172 159 146 1383 120 108 95 82
0.001 122  045| 256 254 179 167 154 142 129 117 104 92 79
0.001 100 050 254 252 178 165 153 140 128 116 103 91 79
2 001 18  035| 180 179 126 117 108 100 91 82 73 64 56
= 001 150 040| 170 170 120 111 103 95 86 78 70 61 53
o 001 122 045| 166 165 116 108 100 92 84 76 68 59 51
S 001 100 050| 164 163 115 107 99 91 83 75 67 59 51
005 186  035| 112 110 78 72 67 61 56 50 45 40 34
005 150 040| 106 105 74 69 63 58 53 48 43 38 33
005 122 045| 102 101 71 66 62 57 52 47 42 37 32
005 100 050| 102 100 71 66 61 56 51 46 41 36 31
0001 186  035| 306 305 215 200 185 170 155 140 125 110 95
0001 150 040 292 290 204 190 176 161 147 1383 119 105 90
0001 122 045 282 281 198 18 171 157 143 129 115 102 88
0001 100 050 280 278 196 183 169 155 142 128 114 101 &7
3 001 18  035| 210 208 147 137 126 116 106 96 85 75 65
i 001 150 040| 198 198 139 130 120 110 100 91 81 71 62
S 001 122 045| 194 192 135 126 116 107 97 88 79 69 60
= 001 100 050| 192 190 134 125 115 106 97 87 78 69 59
005 186  035| 140 140 99 92 85 78 71 64 57 50 43
005 150 040 | 134 133 94 87 80 74 67 61 54 48 41
005 122 045| 130 129 91 84 78 72 65 59 53 46 40
005 100 050| 128 128 90 84 7 71 65 59 52 46 40

Note. MRES: Minimum relevant effect size. Statistical power is fixed at 80% for all designs. « is the Type | error rate. The allocation ratio is (1-p) /
p and is the required input for G*Power. n refers to the total sample size. R?is the proportion of variance in the posttest explained by the pretest
variable (and other covariates, if available). If only pretest is included in the model, R can be interpreted as the squared correlation between the
pretest and posttest. There will be p x n subjects in the treatment group and (1-p) x » subjects in the control group. G*Power specifications: "Test
family: t-tests" and "Statistical test: Means: Difference between two independent means (two groups)."”



