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 ABSTRACT 

 
 This action research aimed to answer the question, are students able to learn and 
apply vocabulary that was not pre-taught but was instead introduced at the moment 
students needed the vocabulary. This research also examined whether there were 
differences in the vocabulary scores of English Language Learners (ELL) and non-ELL 
students. Students completed a science vocabulary pre-test for vocabulary related to 
nuclear chemistry and chemical bonding. Then, over the course of the two units, students 
completed guided inquiry activities which explored the concepts of nuclear chemistry and 
chemical bonding. Vocabulary was introduced after students had explored these concepts, 
and the terms were defined and added to student vocabulary trackers and the class word 
wall. At the end of each unit, students completed a vocabulary post-test, which consisted 
of both recall and application questions. At the end of the second unit students were 
asked to complete the survey assessing attitudes toward this method of instruction, and a 
small percentage of students also participated in an interview. Both ELL and non-ELL 
students showed statistically significant gains from pre-test to post-test in both 
vocabulary knowledge and confidence. Results indicate that students effectively learn 
content vocabulary even when the vocabulary is not explicitly pre-taught.
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

Demographics 

 The students in this research project attend high school in Denver, Colorado. This 

is a public, open-enrollment school that serves approximately 500 full-time students, as 

well as several hundred more who attend on a part-time basis to take advantage of our 

career and technical education program. There are 125 full-time sophomores. Of the 

nearly 500 full-time students, 82% qualify for free and reduced lunch, 81% are classified 

as English Language Learners (ELL), and 96% are classified as minority. Of the minority 

students, 97% are Hispanic, and the other 3% are Black and Asian (“Enrollment 

Snapshot,” 2019).  

Context of the Study 

There are 100 sophomores enrolled in chemistry. All students must pass three 

years of science to graduate, and most sophomores take chemistry. In my experience, 

chemistry is a difficult course for many students, and even students who have historically 

done very well in their math and science classes often struggle in chemistry. Students 

must be able to think abstractly and critically in order to figure out how macroscopic 

observations can be explained by what is happening at the atomic level.  

In addition, the study of chemistry comes with an entirely new vocabulary. Many 

of these words, such as electron and ion, are not used by students in other contexts. Other 
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chemistry vocabulary that students do use outside of class, such as bond and compound, 

have different meanings in non-chemistry contexts. Learning these dual meaning words 

can prove particularly difficult to students, since they are rarely using the scientific 

meaning of those words outside of science class (Song & Carheden, 2014). 

The traditional approach to teaching new vocabulary is to front-load it. Front-

loading teaches the words and meanings before students encounter them in the context of 

a reading, activity, or experiment (Nelson-Herber, 1986). Given the high percentage of 

ELL at this school, and the amount of new vocabulary encountered in a science course, 

the traditional approach to vocabulary instruction is encouraged. However, the entirety of 

science curricula at this school is based on the model of student discovery and of students 

building conceptual understanding for themselves through exploration and investigation. 

Thus, it seems counter to that philosophy to introduce vocabulary words to students and 

explain their meaning to them before students have the opportunity to build relevant 

conceptual understandings. The science teachers at this school feel it makes more sense 

to help students build understanding of new ideas first, then present students with the 

relevant vocabulary word or words related to that concept. 

Focus Question 

This question of when and how to teach vocabulary and which method is best for 

student learning is not a question with an obvious answer. Science teachers and 

administrators at my school have been in ongoing discussions about this. There is even 

mixed messaging of best practices from instructional coaches at the district level when it 

comes to vocabulary instruction.  
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 The focus question for this study was, Does developing students’ understanding 

of scientific concepts before introducing the related vocabulary words result in an 

effective way to build content vocabulary comprehension?  

 Sub-question includes the following: 

1. Is there a difference in the ability of ELL and non-ELL students to recall and 

apply science vocabulary?  
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

Importance of Vocabulary Instruction 

It is well established that understanding vocabulary is necessary for reading 

comprehension, and that understanding content-specific vocabulary is necessary to 

comprehend content-specific text and participate in classroom discourse. However, 

methods for teaching content vocabulary are often different from methods for teaching 

general vocabulary (Nelson-Herber, 1986). Academic language, which is the language of 

classroom discourse and the language used to explain concepts and share knowledge, can 

be difficult, particularly for ELL students. Academic language is more formal and tends 

not to be used outside of the classroom (Capraro et al., 2018). Further complicating the 

question of how to teach vocabulary is the range of language fluency in many 

classrooms. The growth in ELL populations in schools has created a need for more 

intensive language support in classrooms (Weinburgh, Silva, Smith, Groux, & Nettles, 

2014).  The goal of providing support for ELL students is not simply to teach them words 

they don’t know, but to support language development and learning of content at the 

same time—to integrate content and language instruction. (Livers & Bay-Williams, 

2014).  

There are numerous factors that make teaching content vocabulary less 

straightforward than general vocabulary instruction. Simply modifying text to make it 

more accessible can often have the opposite result. Shortening sentences or substituting 
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other, easier words may actually alter the meaning of the text or remove the content 

words the student needs to learn.  One solution for many teachers is direct vocabulary 

instruction, teaching words and definitions before students encounter those terms in text 

or class discussions. This strategy is frequently used when encountering unfamiliar 

vocabulary may hinder comprehension. This is often done through word grouping or 

other graphic organizer techniques that help students link new words to more familiar 

terms. These exercises activate existing schema and help students retain the new 

information, rather than just giving them definitions to memorize. The use of graphic 

organizers and word grouping also gives students a way to participate in the construction 

of meaning rather than simply act as passive recipients of information. When students are 

involved in the construction of meaning rather than passively receiving information from 

a teacher, content language instruction is considerably more effective (Nelson-Herber, 

1986).  

Methods of Vocabulary Instruction 

Direct instruction of content language seems to run counter to the growing push 

for inquiry instruction, in which students are constructing ideas and meaning for 

themselves through exploration that is often student-driven and teacher-supported. 

However, indirect instruction has been found to be disadvantageous to struggling 

students. A possible solution that blends inquiry with more traditional methods begins 

with student exploration and ends with teacher led discussion and instruction. One 

version of this strategy allows students to attempt to define novel words while using 

familiar objects or in familiar contexts, providing them the scaffold of being able to draw 
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on prior knowledge. In order for students to gain understanding of science concepts, they 

need to read, write, and discuss these concepts. Allowing students to do this work in 

small groups to figure out concepts and content vocabulary can be supplemented by a 

more structured follow-up discussion and lesson. This allows students to write and 

discuss together, and it creates a space where they can take risks and be wrong, because 

there will be direct instruction at the end to clear up misconceptions or confusion (Pries 

& Hughes, 2012).  

 Another possible method is for students to learn vocabulary at the same time that 

they learn skills and content in an experiential setting. This was the strategy of a STEM 

camp in which students learned both content vocabulary and how to communicate aspects 

of technical design through immersion in the process. Over the course of several weeks, 

students learned to use Google SketchUp and 3D printers to design and create objects. 

Activities were structured to be language intensive and to provide students many 

opportunities to practice communication. Through immersion in their classes and the 

frequent need to communicate what they were doing and making, students became aware 

of the need for more exact and technical language and worked to incorporate this 

language into their communication. By the end of the camp, students improved their 

accurate use of content-specific language, and their syntax when describing their design 

processes (Capraro et al., 2018). 

 Pre-teaching new content vocabulary can be seen as a way to overcome hurdles to 

comprehension and make content more accessible to students (Nelson-Herber, 1986). 

However, as science instruction shifts to an inquiry model, frontloading content 
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vocabulary becomes counterproductive to the inquiry process (Weinburgh et al., 2014). 

Frontloading vocabulary can inhibit learning goals, and pre-teaching vocabulary runs the 

risk of turning class into a content lecture. To lower barriers to accessing content, words 

that are critical for students to know to be able to engage in a task should be pre-taught, 

and novel terms should be presented in familiar context where possible to allow students 

to integrate new words into existing schema. Otherwise, new terms should not be 

introduced prior to learning, but can be taught during and after students have explored, 

struggled, and discussed on their own (Livers & Bay-Williams, 2014). 

Just In Time Instruction 

 One requirement for teaching ELL students is comprehensible input, using 

strategies and supports to make new language and content accessible to language 

learners. One teaching method, sheltered instruction, is designed to scaffold instruction in 

such a way as to lower the linguistic demand without compromising the content rigor. 

Scaffolding and incorporating language students are already familiar with at the same 

time new content is introduced is one way to make the content comprehensible for ELL 

students. In order to maintain rigor while supporting ELL students, teachers need to pay 

particular attention to the timing of vocabulary instruction and when to use or teach new 

terms. One approach is the 5R Instructional Model. 5R refers to the techniques used to 

teach vocabulary: repeat, reposition, reveal, replace, and reload. Rather than frontloading 

or directly teaching vocabulary prior to a lesson, the 5R Instructional Model suggests 

reloading, which means revisiting terms and concepts after the initial lesson to formalize 

definitions and understanding. New terms are revealed as students encounter ideas or 
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concepts for which they do not yet have a word. This new content vocabulary is repeated 

as often as possible. Teachers reposition, or rephrase students’ ideas, to help their 

students replace less formal language with language that aligns with the content being 

learned. In this way, students are discovering and building conceptual understanding first 

and then given content vocabulary to attach to concepts they are already familiar with 

(Weinburgh et al., 2014).  

 Repetition of new vocabulary words is important, particularly for dual meaning 

words, or words that have a different meaning outside of science class. Without the 

opportunity to discuss these words and their scientific meanings, students struggle to 

retain the scientific meaning (Song & Carheden, 2014). 

 Inquiry Hub, which is the district biology curriculum for Denver Public Schools, 

recommends a similar method of vocabulary instruction and councils against pre-teaching 

terms. The authors of the curriculum recommend waiting until all students have built a 

conceptual understanding of an idea, then providing a relevant science term. This allows 

the word to be used as a shorthand for an idea that already makes sense to students rather 

than trying to help students make sense of an unfamiliar word and definition at the same 

time. This method of providing the needed vocabulary “just in time” provides students 

with the opportunity to struggle with difficult ideas, collaborate to make sense of 

phenomena, and preserve the student-centered nature of inquiry instruction (Inquiry Hub 

Biology, 2018) 

  Pre-teaching content vocabulary when students don’t yet understand the concepts 

attached to those terms can be ineffective and runs counter to allowing students to 
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discover meaning for themselves. Rather, only words that are critical for students to 

begin an investigation need to be pre-taught and should be taught in the context of 

familiar content. For example, in a math activity about ratios, students do not need to 

know the word ratio to complete the activity. They can discover the mathematical 

relationship between units without that word. Once they understand that mathematical 

relationship, the word ratio can be taught (Livers & Bay-Williams, 2014). This method 

reduces linguistic demand for ELL students without compromising rigor and allows the 

students to discover meaningful concepts themselves. Inquiry instruction allows content 

and language to develop simultaneously, which can remove the need for frontloading 

vocabulary and may also prove frontloading to be unnecessary at best and problematic at 

worst (Weinburgh et al., 2014). 
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CHAPTER THREE 

METHODOLOGY 

Student Participants 

 Data was collected from three of the four sections of chemistry. The fourth 

section was excluded due to chronic tardy and absenteeism in that section, and the fact 

that the fourth section was the section most often affected by schedule disruptions such as 

delayed starts due to inclement weather.  

Students attend block classes on alternating days. They have a 95-minute 

chemistry class Mondays and Wednesdays or Tuesdays and Thursdays, and all students 

attend chemistry on Friday for 45 minutes. Class time on Fridays is sometimes used for 

make-up work, study sessions, or to focus on content not directly related to the current 

unit, but the other days are devoted to the current chemistry unit. 

 The school has a student population that is 82% ELL according to Denver Public 

School’s classification. According to Denver Public Schools, the ELL classification 

includes students currently in the English Language Acquisition program and students 

who have exited the English Language Acquisition program (“Enrollment Snapshot,” 

2019). Students who have not yet exited the English Language Acquisition program are 

more closely monitored and targeted for additional supports and interventions. For the 

purposes of this study, ELL students are only students who have not yet exited and still 

receive supports and monitoring. Of the 74 students for whom data was collected, 12 are 
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non-ELL, 34 have exited the ELL program, and 28 are still receiving services and 

monitoring as ELL students.      

Treatment 

Data was collected over the course of two units: nuclear chemistry and chemical 

bonding. Each unit takes approximately six weeks to complete. A unit consists of 10 or 

12 lessons, and most lessons take one to two 95-minute blocks to complete. Prior to those 

units, students completed a unit on atomic structure to provide necessary background 

knowledge leading up to these units. The research methodology for this project received 

an exemption by Montana State University’s Institutional Review Board and compliance 

for work with human subjects was maintained (Appendix A).  

 Rather than beginning a unit with an introduction of new vocabulary that students 

will see in later lessons, students began the unit by observing an introductory 

phenomenon intended to get them thinking and asking questions. For the nuclear 

chemistry unit, “Should we take a field trip to Rocky Flats?” students read an article 

about the Rocky Flats Wildlife Refuge, which opened in 2018 on a former Superfund site 

where plutonium triggers were manufactured for decades. They also read an article about 

the dangers of plutonium at the Fukushima nuclear plant and watched videos about the 

Hiroshima bombing, radium poisoning, and advertisements for the benefits of nuclear 

energy. For the bonding unit, students observed the conductivity or lack thereof of a raw 

potato and potato chips and generated a list of questions to investigate in order to 

determine why the potato conducted but the chips did not. Students then completed an 

activity in which they observed attractive and repulsive forces between tape and other 
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household objects, and then conducted a laboratory investigation to collect data on 

several compounds’ solubility and conductivity in various liquids. After the introductory 

phenomenon in each unit, students brainstormed what else they knew about the 

phenomenon or what related experiences they might have had, and then generated a list 

of questions that could be used to plan investigations.  

 Each vocabulary term was introduced toward the middle or end of the lesson in 

which it was needed, rather than at the beginning of a lesson or unit. For example, 

students completed a half-life simulation using pieces of candy but were not told they 

were simulating half-life; they were simply looking at decayed and undecayed atoms and 

graphing their data. After they had collected and analyzed data, students were able to 

conclude that approximately half of their candy atoms decayed each round of data 

collection. It was at this point that the term half-life was introduced, and students were 

given the opportunity to discuss the term in the context of the activity. The term was then 

reloaded in a subsequent class period by reviewing the definition again, and students 

added the term to their vocabulary trackers and the class word wall. Both the student 

vocabulary trackers and the word wall had space for each vocabulary term, its definition, 

and a visual representation. The definitions and how to visually represent terms were 

discussed and agreed upon as a class before being added to vocabulary trackers (Figure 

1). This method of vocabulary introduction and definition was repeated for all terms on 

the pre-test, as well as other terms that arose for which students did not have an existing 

definition.  
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Figure 1. A section of a student’s vocabulary tracker. 

Data Collection and Analysis Strategies 

 Immediately before the presentation of each unit’s introductory phenomenon, 

students completed the Science Vocabulary Pre-Test (Appendix B). In the pre-test 

students were asked to define, describe, or draw a picture for each vocabulary term 

students would encounter in that unit. Students were also asked to rate their confidence in 

their definition, description, or picture on a scale from zero to three, with zero meaning 

not confident at all and three meaning very confident. At the end of each unit, students 

completed the Science Vocabulary Post-Test, which consisted of both recall and 

application sections. The recall section consisted of three or four words from the pre-test 

and required students to define, describe, or draw a picture for a portion of the terms from 

the pre-test. The application section consisted of constructed response questions related to 

the anchoring phenomena at the beginning of the unit and required students to utilize 

specified vocabulary terms in their answers (Appendix C). The recall and application 
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sections of the post-test were graded on a zero to three-point rubric depending on how 

well students were able to demonstrate an understanding of each term (Appendix D). 

Students responses on pre-test and post-test were compared, and the scores were 

analyzed using the Wilcoxon signed-rank test. ELL and non-ELL students’ scores were 

compared to look for differences in proficiency of recall and application of vocabulary 

terms using the Wilcoxon rank sum test.  

 In addition to the post-test, students were asked to complete the Science 

Vocabulary Survey at the end of the final unit of data collection (Appendix E). This was 

a Likert style survey in which students responded to each statement with Strongly 

Disagree, Disagree, Agree, or Strongly Agree. This survey assessed their attitudes toward 

learning vocabulary without direct instruction and their confidence that they had actually 

learned the words. The survey also assessed general interest and confidence in science 

class. Survey responses were analyzed for themes and patterns and were compared to 

student performance on the Science Vocabulary Post-Test using a Chi-Square 

Independence Test.  

 Finally, a handful of students were asked to complete the Science Vocabulary 

Attitudes Interview (Appendix F). The interview questions allowed students to elaborate 

on survey responses and asked students to compare the vocabulary instruction in science 

class to the vocabulary instruction in their other classes. Students were selected for 

interviews based on performance and mastery of the two units of this study as well as 

pervious performance in chemistry class. The intention in selecting interview candidates 

was to ensure students from across the spectrum of mastery were interviewed, rather than 
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only high or low performing students. Interview responses were analyzed for patterns and 

themes to support student survey responses and post-test data.  

 Data collection methods are summarized in the Data Triangulation Matrix (Table 

1). 

Table 1. Data Triangulation Matrix. 
Focus Questions 1 2 3 

1. Are students able to 
recall and apply 
vocabulary when it is 
back-loaded rather than 
directly taught at the 
beginning of a unit?  

Science 
Vocabulary Pre- 

and Post-Test 

Science 
Vocabulary 

Survey 

Interviews 

2. Is there a difference in 
ELLs’ and non-ELLs’ 
ability to learn and apply 
vocabulary this way?  

Science 
Vocabulary Pre- 

and Post-Test 

Science 
Vocabulary 

Survey 
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CHAPTER FOUR 

DATA AND ANALYSIS 

Pre- and Post-Test Scores 

 Comparison of vocabulary pre- and post-test data for both the nuclear chemistry 

unit and the chemical bonding showed growth in scores. The nuclear chemistry 

vocabulary scores increased from a pre-test mean of 0.50 to a post-test mean of 2.42 

(n=71).  When broken down by language proficiency, ELL students’ scores increased 

from 0.30 to 2.33 (n=27), and non-ELL students’ scores increased from 0.63 to 2.47 

(n=44).  Wilcoxon Signed-Rank Tests (alpha = 0.05) comparing pre- and post-test scores 

indicated statistically significant growth in all three groups; tests of the overall group, 

ELL group, and non-ELL group all resulted in p-values of < 0.01.  

 Data was similar for the chemical bonding unit. The overall growth in vocabulary 

scores went from a pre-test mean of 0.43 to a post-test mean of 2.31 (n=68). ELL 

students’ scores increased from 0.41 to 2.19 (n=23), and non-ELL students’ scores 

increased from 0.44 to 2.37 (n=45). Wilcoxon Signed-Rank Tests (alpha = 0.05) 

comparing pre- and post-test scores again indicated statistically significant growth in all 

three groups; tests of the overall group, ELL group, and non-ELL group all resulted in p-

values of < 0.01. Pre- and post-test vocabulary scores for both units are shown in Figure 

2. 



17 
 

 

Figure 2. Pre- and post-test scores for nuclear chemistry vocabulary (n=71) and chemical 
bonding vocabulary (n=68). 

 Students reported feeling much more confident in the vocabulary on the post-test. 

One student, during the test, remarked “The vocabulary is the part of this test I feel most 

confident in!” Students in interviews also reported feeling that they had indeed learned 

the vocabulary, and survey responses similarly indicated that students felt much more 

confident in the vocabulary at the end of the units.  

When compared to one another, ELL and non-ELL students showed similar 

performance on the recall section of the post-tests. Comparison of ELL and non-ELL 

post-test scores using Wilcoxon Ranked Sum Test (alpha = 0.05) resulted in a p-value of 

0.59 for the nuclear chemistry unit and a p-value of 0.64 for the chemical bonding unit. 

Such large p-values suggest there is not a statistically significant difference in groups’ 

post-test performance (Figure 3).  
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Figure 3. Post-test scores of ELL and non-ELL for nuclear chemistry and chemical 
bonding units (n=27), (n=44), (n=23), (n=45). Note. ELL means English Language 
Learner; non-ELL means non-English Language Learner. 

Student Perceptions and Confidence 

Comparison of student confidence ratings on the vocabulary pre- and post-tests 

showed increased confidence in vocabulary knowledge by the end of each unit. Students’ 

confidence ratings of vocabulary knowledge closely mirrored the actual vocabulary 

scores. Confidence ratings grew from a pre-test mean of 0.46 to a post-test mean of 2.23 

in the nuclear chemistry unit, and from a pre-test mean of 0.23 to a post-test mean of 2.04 

in the chemical bonding unit. These increases in self-assessed confidence correspond to 

survey responses. When presented with the statement “I am more confident in my ability 

to understand terms and concepts in this class now than I was at the beginning of the 

year,” 86% of students agreed or strongly agreed.  

In interviews, students acknowledged feeling somewhat more confident by the 

end of the units. When asked if they felt that they had learned the vocabulary, one student 

said, “Definitely a lot better than I did before.” The same student remarked that on the 

pre-test he had no idea what the words meant, but “now I could probably give a coherent 
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definition of at least half of them.” Another student also said she felt she had learned the 

vocabulary, but seemed less confident, saying she would probably still need her 

vocabulary tracker if pressed to define terms.  

Students who responded to the survey, which was given at the end of the second 

unit of data collection, expressed confidence in their ability to learn vocabulary without 

pre-teaching (Figure 4). Seventy-eight percent of students agreed or strongly agreed with 

the statement “I learned the vocabulary even though it was not directly taught at the 

beginning of lessons,” and 82% of students agreed or strongly agreed that they could 

connect the terms back to the concepts. An even higher percentage of students, 89%, 

agreed or strongly agreed that learning the vocabulary as concepts were explored made 

the learning more interesting for them.  

 

Figure 4. Vocabulary survey responses (n=44). 

There were two survey questions in which students’ responses were equally 

divided among agree and disagree options: “I would have preferred to learn the 
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traditional way” and “I think I would understand these terms better if I had learned them 

the traditional way.” This indicates that many students were not as comfortable learning 

the vocabulary in this way, even if they felt that they did learn the vocabulary. However, 

students interviewed did seem to appreciate the just in time method. “It helps that you 

introduce the words when they’re needed and not beforehand where we’d probably have 

forgotten by the time we got to it,” said one student. Another added to this, “It also helps 

when you use the word and connect it to the concept we’re learning…because that helps 

me.” In another interview, a student said it helped that students were given time to talk 

through what they thought vocabulary terms meant and that visual representations were 

emphasized. In the same interview, students also discussed classes in which they did 

learn vocabulary through more traditional methods, and they expressed that they felt 

those methods were also helpful. 

Recall Versus Application of Vocabulary 

 On the vocabulary post-test, students were assessed on both recall of vocabulary 

and application of terms. The recall questions asked students to define terms, and the 

application questions required students to explain questions that arose at the beginning of 

the unit, using specified vocabulary terms. For the nuclear chemistry unit, the mean score 

on recall questions was 2.42, and for constructed response questions the mean score was 

1.61. For the chemical bonding unit, the mean score on recall questions was 2.31, and the 

mean score for constructed response questions was 1.66. Comparison of recall and 

application scores using a Wilcoxon Ranked Sum Test resulted in p-vales of <0.01 for 
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both units, indicating students scored significantly higher on recall questions than 

constructed response questions (Figure 5). 

 

Figure 5. Recall and application scores for nuclear chemistry (n=71) and chemical 
bonding units (n=68). 

When scores on recall and application questions were compared using a Chi-

squared Independence Test (alpha = 0.05), non-ELL students’ scores comparison resulted 

in a p-value of 0.002 and ELL students’ scores comparison resulted in a p-value of 0.28 

for the nuclear chemistry unit, and p-values of 0.06 and 0.19 for ELL and non-ELL 

scores, respectively, on the chemical bonding unit. These p-values suggest that, for the 

most part, ability to recall definitions did not necessarily predict ability to apply terms 

when discussing underlying concepts.    

 ELL and non-ELL scores for constructed responses were also compared to one 

another. For the nuclear bonding unit, the constructed response score mean for ELL 

students was 1.28, and the mean for non-ELL students was 1.81 (Figure 5). The 

constructed response means for the chemical bonding unit were 1.53 and 1.71, 

respectively (Figure 6). Scores were also compared using a Wilcoxon Ranked Sum Test 

(alpha = 0.05). The nuclear chemistry scores comparison resulted in a p-value of 0.001, 
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and chemical bonding scores comparison resulted in a p-value of 0.13. While there was a 

statistically significant difference in constructed response scores for the nuclear chemistry 

unit, there was not a statistically significant difference in the bonding unit.  

 

Figure 6. Box plots of ELL and non-ELL student scores for nuclear chemistry 
constructed response vocabulary questions, (n=27, n=44, n=23, n=45). Note. ELL means 
English Language Learner; non-ELL means non-English Language Learner. 
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CHAPTER FIVE 

CLAIM, EVIDENCE, AND REASONING 

Claims from the Study 

 The data indicate that students did indeed learn content vocabulary, as shown in 

Figure 1, even though it was not explicitly pre-taught at the beginning of units or 

individual lessons. That students still learned the vocabulary is likely a result of multiple 

factors. The first is that students were able to first explore related concepts, so that when 

the vocabulary was introduced, they had a context for it. As one student said in the 

interview, “It also helps me when you use the word and connect it to the concept we’re 

learning.” Another student said it was helpful the words were not introduced until 

concepts had been explored, and that had they been pre-taught, “we’d probably have 

forgotten by the time we got to it.” The second factor is that students were active 

participants in the construction of understanding of vocabulary, through agreeing on how 

to define terms and how to visually represent them. “You let us tell you what we think the 

definition is…that gives us a chance to tell you what we think,” said one student when 

asked what helped her learn the chemistry terms. Another student added on, “And when 

we have the pictures it helps way more.” The third factor was the repetition of terms and 

vocabulary after they were introduced and defined. “The fact that we’re experimenting 

with these words, and the fact that we’re using them on almost a daily basis helps to 

reinforce the learning of it,” said one student.  
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 Additionally, ELL students were able to learn the vocabulary as well as their non-

ELL peers. They were able to recall definitions equally well in both units, and they 

applied the terms as successfully in constructed response questions in one of the two 

units. Many of the strategies used to support all chemistry students, such as using visuals 

and helping students connect unfamiliar terms to words and concepts they already know, 

are encouraged as school-wide practices to support not only ELL students but all learners. 

Ultimately, it seems that the timing of vocabulary instruction is not as important as letting 

students be active participants in developing understandings, and frequent use of 

vocabulary and related concepts and activities.  

Value of the Study and Consideration for Future Research 

 This initial impetus for this action research project was the perceived conflict 

between best practices for inquiry science instruction and best practices for teaching ELL 

students, as those best practices had been communicated to me during various trainings. 

It seemed to me, if research supported the idea that building conceptual understandings 

before introducing the relevant content vocabulary, which is often unfamiliar even to 

native English speakers, it should be true for native and non-native English speakers.  

 What this action research clarified is that explicit vocabulary instruction is indeed 

necessary, but it does not have to be at the very beginning of a unit or lesson to be 

effective. Once students have built conceptual understandings through investigation and 

exploration, then the vocabulary can be explicitly introduced. Vocabulary still must be 

clearly linked to the concepts that students have explored, and this requires time and 

specific instruction, but that time and instruction can come later in the lesson sequence. 
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As stated earlier, some students even found that instructional sequence more impactful 

than if the vocabulary were pre-taught as in the traditional methods. 

 One thing this research project lacked was a control group. There were no class 

sections that received pre-taught vocabulary instruction, and this was due to a few 

different concerns. I teach at a small school, and I am the only chemistry teacher. Many 

students’ schedules change mid-year or mid-semester, which would have resulted in 

multiple students potentially moving from treatment to control group mid-study. Also, 

because it is a small school, all students know each other, and many students study with 

students from different sections, which led to concerns of invalid data due to students in 

treatment groups and control groups sharing notes and requesting the same instruction 

their peers received.  

 Because there was no control group, the data do not indicate that just in time 

vocabulary instruction is more effective than traditional vocabulary instruction. All that 

can be concluded from this study is that students do indeed learn vocabulary even when it 

is not pre-taught. It would be interesting to investigate in a more controlled study and 

directly compare vocabulary growth in pre-taught and just in time settings.  

 Another limitation of this study was the small sample of ELL students, and the 

particular way ELL students were defined. Denver Public Schools classifies any students 

who has ever received ELL supports and monitoring as ELL, even if they have exited the 

program. That is the vast majority of my school’s student population, and at my school 

we focus on students who have not yet exited for targeted ELL support and monitoring. 

This means that many students in the non-ELL group of my action research project were 
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at some point ELL students, some fairly recently. Also, even students who are considered 

proficient English speakers can still struggle with language and vocabulary, particularly 

in their second language. One student who was interviewed specifically mentioned that 

difficulty in the interview, saying “I’m bilingual, and I mix up words in English and 

Spanish.” 

 The constructed response scores were lower than recall scores, which would seem 

to indicate that students learned vocabulary well enough to recite definitions, but not well 

enough to apply them to more complex questions related to the chemistry content they 

had learned. It is possible that the nature of the questions and the requirement that 

students use certain words hindered some students in their explanations. During the post-

test, some students commented that they felt confident they could fully answer the 

question but weren’t sure how to do so while using the required vocabulary terms. These 

students did provide thorough responses, though some would have been more complete if 

the specific terms had been used or more fully explained.  While not feeling confident 

they could fully answer the questions using the terms provided may indicate their 

understanding was not as complete as they thought, it may also indicate that the questions 

themselves were confusing and hindered students’ ability to fully express their 

understanding.  

 Additionally, the low constructed responses scores could be due to factors outside 

of students’ vocabulary knowledge or the wording of the questions. Students’ confidence 

ratings closely aligned with their recall scores, which suggests they had a good sense of 

what they did and did not know. Lower scores on the constructed response, then, could be 
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due to a lack, or a perceived lack, of writing ability which hindered their ability to 

express their understanding. This is another possible explanation for ELL students’ lower 

scores on the constructed response questions—their lower scores could be due to lower 

English proficiency in general, difficulty in composing answers to constructed response 

questions, or a lack of confidence which hindered their responses.  

Impact of Action Research on the Author 

The first and most obvious impact of this action research project was the 

confirmation that students can and do learn content vocabulary without explicitly pre-

teaching. As a science teacher who encourages students to ask questions, conduct 

investigations, and construct their own knowledge as much as possible, it is important 

that key understandings not be given away too soon. This often happens when pre-

teaching vocabulary, since defining terms may require an explanation of related concepts. 

Allowing students to explore, investigate, and analyze on their own means that when new 

terms are eventually introduced, students have built schema to connect to the vocabulary.  

However, a one-time introduction is not sufficient, just as it would not be for any 

other vocabulary instruction method. Students still need frequent repetition and 

reiteration of words and the related concepts. Consistent use of terms and reminders of 

where and when concepts were explored help students to build lasting understandings. 

This, coupled with visual representations, are already strongly encouraged as ways to 

support ELLs, but these are best practices. Even though students often grumble at being 

told to keep vocabulary trackers and to draw pictures to go with terms, interview 

participants called out both the tracker too and the visual component as helpful.   
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 A second impact of this research project was the power and importance of 

classroom data. “Data-driven instruction” is a term that is used ad nauseam in education, 

but it is often used in reference to standardized tests and other large-scale and infrequent 

measures of learning. This research project underscored that the data that drives 

instruction can and should be smaller, more frequently collected data from specific 

classrooms. While standardized test scores can be useful in identifying large gaps in 

knowledge or performance differences in groups, data collected at the classroom level 

allows teachers to assess learning and adjust in real time. Many teachers do this 

informally all the time, such as when grading a quiz and finding common misconceptions 

that they can address the following class. But if more teachers were given the time and 

support to plan and conduct action research in their own classrooms, to assess their own 

practices, I can only imagine the benefits to both teachers and their students.   
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Science Vocabulary Pre-Test (Unit 4: Should we take a field trip to Rocky Flats?) 

A. For each term below, define the term in your own words, give an example, or 
draw a picture that explains the terms.  

 

B. Then, for each term, indicate how confident you are in your definition, example, 
or picture using the following scale: 

0 = I’m not at all confident: I have no idea what this word means.  
1 = A little confident:  I think I’ve seen this word before, but I’m not sure I defined it 
correctly 
2 = Confident: I’ve seen this word before, and I’m pretty sure I defined it correctly 
3 = Very confident: I’ve seen this word before and I know I defined it correctly 
 

1. Fusion 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

2. Fission 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

3. Alpha Decay 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

4. Beta Decay 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

5. Gamma Decay 
a. Definition, example, or picture:  
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b. How confident are you that this is correct (0-3)? _______ 

 
6. Half-life 

a. Definition, example, or picture:  
 
 

b. How confident are you that this is correct (0-3)? _______ 
 

7. Chain Reaction 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

8. Isotope 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

9. Radioactive 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
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Science Vocabulary Pre-Test (Unit 5: How do atoms combine with one another?) 

A. For each term below, define the term in your own words, give an example, or 
draw a picture that explains the terms.  
 
B. Then, for each term, indicate how confident you are in your definition, example, 
or picture using the following scale: 
0 = I’m not at all confident: I have no idea what this word means.  
1 = A little confident:  I think I’ve seen this word before, but I’m not sure I defined it 
correctly 
2 = Confident: I’ve seen this word before, and I’m pretty sure I defined it correctly 
3 = Very confident: I’ve seen this word before and I know I defined it correctly 
 

1. Ion 
c. Definition, example, or picture:  

 
 

d. How confident are you that this is correct (0-3)? _______ 
 

2. Valence Electron 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

3. Ionic Bond 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
4. Cation 

a. Definition, example, or picture:  
 
 

b. How confident are you that this is correct (0-3)? _______ 
5. Anion 

a. Definition, example, or picture:  
 
 

b. How confident are you that this is correct (0-3)? _______ 
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6. Covalent Bond 

a. Definition, example, or picture:  
 
 

b. How confident are you that this is correct (0-3)? _______ 
 

7. Polar Bond 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

8. Nonpolar Bond 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

9. Octet Rule 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
 

10. Chemical Bond 
a. Definition, example, or picture:  

 
 

b. How confident are you that this is correct (0-3)? _______ 
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VOCABULARY POST-TEST CONSTRUCTED RESPONSE 
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Unit 4: Should we take a field trip to Rocky Flats? 
Answer the following questions in complete sentences. Your answer must include the 
vocabulary words listed at the end of the question; please use/ explain the words correctly 
and completely. 
 
1. Where does the energy come from in nuclear power plants and nuclear weapons, and 
how are nuclear reactors in power plants different from nuclear bombs? How does the 
sun provide the energy to heat our planet? (use: fission, fusion, chain reaction) 
 
2. Explain the three types of nuclear decay: how does each type of decay affect the mass 
number and atomic number of an atom that undergoes that type of decay, and why is 
gamma more dangerous than alpha and beta radiation? Be specific! (use: alpha decay, 
beta decay, gamma decay) 
 
3. Why aren’t all atoms of an element the same mass? What makes some atoms 
radioactive? What happens to radioactive elements, and why aren’t radioactive elements 
dangerous forever?   (use: isotope, radioactive, half-life) 
 

Unit 5: How do atoms combine with one another? 
Answer the following questions in complete sentences. Your answer must include the 
vocabulary words listed at the end of the question; please use/ explain the words correctly 
and completely. 
 
1. Explain how chemical bonds (ionic or covalent) form. In your explanation, be sure to 
use AND EXPLAIN the terms chemical bond, valence electron, and octet rule. 
 
2. You are helping your friend with their chemistry extra credit, and they are having 
trouble with writing formulas. For sodium oxide, your friend writes the formula as NaO. 
Explain to your friend how to determine the formula for NaO, and be sure to use AND 
EXPLAIN the terms ionic bond, ion, cation, and anion. You may explain with a picture 
if you prefer, but you must clearly draw and label ionic bond, ion, cation, and anion. 
 
3. Explain why a potato conducts electricity and a potato chip does not. Remember that 
both a potato and a potato chip contain salt. Think about the liquid in a potato (water) and 
the liquid on a chip (oil), and what we know about those two substances’ bonds. In your 
explanation, be sure to use AND EXPLAIN the terms covalent bond, polar bond (or 
polar molecule) and nonpolar bond (or nonpolar molecule) 
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VOCABULARY POST-TEST RUBRIC 
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Vocabulary Post-test scoring rubric—constructed response (applying terms) 
Students will receive a score of 0-3 for each vocabulary term they are required to use in  
constructed response questions. 
A few students will be selected to answer the constructed response orally and will use 
voice to text, a recording device, or a teacher scribe to submit their answers. 
 

Score Meaning 

0 Does not use term 

1 Uses the term 
AND 
Usage shows lack of understanding of term (uses term incorrectly, explanation is 
incorrect, or context is incorrect) 

2 Uses the correct term 
AND 
Usage/explanation is partially correct (some critical information may be lacking but 
answer indicates some understanding) 

3 Uses the correct term 
AND 
Usage/explanation is mostly or entirely correct (information may be missing, but only 
minor details omitted) 
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APPENDIX E 

SCIENCE VOCABULARY SURVEY 
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Science Vocabulary Survey 

Reminder: Completion of this survey is voluntary. There is no penalty for skipping some 
or all questions. Choosing not to complete this survey will not affect your grade. 
Instructions: for each statement, circle the response you think fits you best. 
SD = Strongly Disagree  D= Disagree           A = Agree SA = Strongly Agree 

1. I have a better understanding of the vocabulary terms now compared to when we 
started this unit. 

SD  D  A  SA 
 

2. I learned the vocabulary, even though it was not explicitly taught at the beginning 
of lessons. 

SD  D  A  SA 
 

3. I am able to connect the terms we learned back to the concepts we learned. 
SD  D  A  SA 

 
4. I would have preferred to learn the vocabulary the traditional way. (traditional 

way = learning the words and definitions at the very beginning of the unit) 
SD  D  A  SA 
 

5. I think I would understand these terms better if I had learned them the traditional 
way. 

SD  D  A  SA 
 

6. Learning the vocabulary as we figured out concepts instead of the traditional way 
made learning more interesting. 

SD  D  A  SA 
 

7. I usually find what we are learning in science class interesting. 
SD  D  A  SA 

 
8. I usually do well in science class. 

SD  D  A  SA 
 

9. I usually understand the terms and concepts we learn in chemistry class. 
SD  D  A  SA 

 
10. I am more confident in my ability to understand terms and concepts in this class 

now than I was at the beginning of the year. 
SD  D  A  SA 

 
11. Is there anything else you would like to tell me?  
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SCIENCE VOCABULARY ATTITUDES INTERVIEW 
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Student Vocabulary Attitudes Interview  
Reminder: Participation in this interview is voluntary. There is no penalty for skipping 
some or all questions. Choosing not to participate will not affect your grade. 
 

1. In which classes do you feel like vocabulary is a big part of what you are 
learning—meaning which classes have a lot of new, unfamiliar words that you 
don’t use much outside of class?  

2. In your other classes, do you do any vocabulary activities to help you learn words, 
such as looking up and defining words, drawing pictures, graphic organizers, etc.? 

3. When do you do these activities—at the beginning of the unit, middle, end, or 
does it vary?  

4. Do you feel like you learned the vocabulary in this unit?  
a. Can you give me a couple of terms you think you understand much better 

now than at the beginning of the unit?  
5. What was easy about learning the vocabulary in this unit?  

a. Can you give an example of a word that was easy to learn or understand?  
6. What was difficult about learning the vocabulary in this unit?  

Can you give me an example of a word you feel like you still don’t really understand? 
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