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Abstract 

 

Remembering and understanding biological and physiological vocabulary is a challenge for 

many undergraduate students. The purpose of this study is to analyze the efficacy of two 

techniques to aid in the instruction of scientific vocabulary – image variability and variable 

lexical representation. Participants were given a computerized assessment with a pre-test, 3 

blocks (testing traditional instruction, added variable lexical representation, and added image 

variability), and a post-test. Participants also took a standardized vocabulary assessment. The 

results of the study indicate that increasing lexical variability may be the best overall method of 

scientific vocabulary instruction. In addition, there was a strong positive correlation between 

PPVT-4 score and post-test performance for the words presented during the traditional block. A 

negative correlation was noted between PPVT-4 score and post-test score on the picture 

vocabulary task for the words presented during the lexical and conceptual condition. The 

conclusions drawn from this study can be applied to classroom instruction to improve scientific 

vocabulary instruction.   
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Introduction 

For many students beginning a course of study in the sciences, learning the copious 

amount of new scientific vocabulary can be quite a challenge. During my experience as a 

preceptor for an introductory level biology course, I observed many students for whom the 

biological vocabulary was a hurdle to success. The quantity of unfamiliar vocabulary presented 

in many biological textbooks is far greater than the optimal amount for effective learning (Yager, 

1983). For some, the vocabulary introduced in the course seemed almost like a foreign language. 

The students’ struggles and my research experience with the concept of word learning inspired 

this study – an analysis of the techniques which can be used to aid in the acquisition of scientific 

vocabulary. 

Scientific vocabulary is uniquely challenging when compared to general vocabulary for 

several reasons. First, scientific terms are generally more orthographically complex, which 

makes them significantly difficult to remember and pronounce. For example, the word 

tachyphylaxis (pronounced “tak-uh-fi-LAK-sis”) describes the immediate reduction in cellular 

response to a repeated stimulus. This word is quite challenging to pronounce when read or spell 

out when heard, and neither process is intuitive. Some knowledge of Greek/Latin roots, prefixes, 

and suffixes can mitigate this challenge (Rasinski, Padak, Newton, & Newton, 2008).  However 

useful this knowledge may be, it cannot be assumed that students have received prior 

comprehensive instruction in Greek and Latin roots (Baumann, Carr-Edwards, Font, Tereshinski, 

Kame’enui, & Olejnik, 2002).  

Scientific vocabulary typically involves longer words than everyday vocabulary. For 

example, the word atherosclerosis (meaning the buildup of plaque in arteries) is quite long, but 
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any student of cardiovascular physiology would be expected to know it. In general, longer words 

are more difficult to remember and learn than shorter words (Storkel, 2009).  

Scientific vocabulary can also be considered challenging because single words are often 

used to describe very complex and abstract concepts. The word cytokinesis is used to describe 

the process of cellular membrane consolidation immediately following mitotic or meiotic 

division of the nucleus. Any student without an understanding of the process of cellular division 

would have a difficult time understanding the word cytokinesis. Furthermore, the process of 

cytokinesis cannot be observed readily without the use of microscopic imaging technology 

(which few adults have access to) and thus it remains an abstraction in the minds of students. 

Even when presented with textbook illustrations of the concept, it is not guaranteed that these 

illustrations are accurate or easily comprehensible (Hubisz, 2001) 

Finally, scientific vocabulary is challenging because much of the terminology differs only 

in a syllable or a few letters, but can have different or opposite meanings. This phonological 

similarity makes learning words much more difficult, especially novel words (Papagno, C., 

1992). For example, the word chromatid refers to one half of a replicated chromosome present 

during nuclear division. The word chromatin, which differs by only one consonant, refers to the 

uncondensed form of DNA which is not present during nuclear division. These subtle differences 

are even more challenging when the words are presented together, as they would be in a science 

textbook. A student may remember both words but may confuse their definitions.  

Despite all these challenges, scientific vocabulary instruction can be facilitated with 

certain techniques of instruction. First, the availability of computer-based instruction has made 

illustrating complex scientific concepts much easier. Computer-based instruction has been shown 
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to be as or more effective than traditional instruction in the learning of scientific concepts 

(Kiboss et al, 2004). The ability to readily present images or animations makes computerized 

instruction a valuable resource in a biology classroom.  

The results from the computerized assessment will be used to analyze the statistical 

learning occurring in each of the participants. Statistical, or implicit, learning is the incidental 

learning that occurs without awareness of what has been learned. Instead of the typical academic 

instruction and testing in which students attempt to actively memorize definitions, the computer 

assessment is designed such that participants will not have the opportunity to review or rehearse 

what they have learned. Participants’ responses should be solely based on patterns observed 

implicitly throughout the course of the assessment.  

Several factors affect the extent of statistical learning – one such factor is variability of 

input. Variability of input is essential to a person’s ability to discern patterns from a stimulus 

(Alt, Meyers, & Ancharski, 2012). If no variability exists, there can be no pattern. Variability of 

input was achieved in this study using two techniques – image variability and variability of 

lexical representation. Lexical representation variability was achieved in this study by presenting 

terminology in different colors. Image variability was achieved in this study by providing 

multiple correct visual representations of the target vocabulary.  

The purpose of this experiment is to analyze the effectiveness of vocabulary instruction 

techniques, including variable lexical representation and image variability, on the computer-

based instruction of biological/physiological terminology. The computerized instruction and 

assessment software used was written specifically for this study. To account for the varying 

abilities and prior knowledge of the participants, a within-subjects design is used, in which each 
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subject undergoes each of the conditions. Results of the computerized assessment were analyzed 

to determine the efficacy of each of the methods. 

 

Methods 

Participant Selection 

The target population for this study consists of typically developing adults between the 

ages of 18 and 65 with normal corrected vision and hearing and without extensive prior 

knowledge of biological/physiological terminology. The age limits were determined based upon 

the age of majority and also to ensure participants’ comfort level with computer technology. The 

typical development and hearing/vision ability requirements were determined in order to ensure 

ability to complete to computer assessment without difficulty, and also to ensure clarity of 

interpretation of the results. Possible participants with prior knowledge of 

biological/physiological vocabulary were excluded from the study to ensure that this prior 

knowledge did not affect the results of the study.  

For this study, we sought to recruit 8-10 adults between the ages of 18 and 65 with 

normal corrected vision and hearing, no history of receiving special education services or speech 

therapy, and no history of seizures, disease or injury to the brain, or diagnosed ADHD. 

Participants were recruited from the University of Arizona campus and also from among the 

acquaintances of the author.  

Consent and Questionnaire 
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Each participant read and signed a consent form informing them of the purpose of the 

study and requirements of their participation.  

In addition, each participant completed a questionnaire to report their vision and hearing 

ability, any history of receiving special education services or speech therapy, and any history of 

seizures, disease or injury to the brain, or diagnosed ADHD. Participants’ primary language, 

race/ethnicity, and level of education were also recorded.  

To determine prior familiarity with physiological vocabulary, participants reported on the 

questionnaire if they had taken and passed or were currently enrolled in BIO181. The course 

BIO181 at the University of Arizona is an introductory level biology class that is a prerequisite 

course for most science majors. In this class, much of the vocabulary contained in the 

computerized assessment is discussed. We assumed that if a participant answered “NO” to either 

of the aforementioned questions, they were sufficiently unfamiliar with the vocabulary to 

participate in the study. Participants also reported on the questionnaire if they took a Biology 

course in high school. A response of “NO” to this question resulted in inclusion in the study. If a 

participant responded “YES” to this question, the assessor verbally prompted the participant to 

describe when they took the high school course. If the course had been completed at least 3 years 

before the date of assessment, the participant was considered far enough removed from the 

subject material to warrant inclusion in the study.  

Computerized Assessment 

Subjects who met all criteria for participation were then instructed to perform a 

computerized assessment. This assessment was completed on a Java-enabled desktop computer 

in the SLHS building on the University of Arizona campus, or on the Java-enabled personal 
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laptop computer of the author. The computerized assessment was written by an employed 

programmer in Java using Eclipse from January to April 2014. Data collection was performed in 

May 2014.  

Computerized Assessment Design 

A within-subjects design was conceived for the program, meaning that each participant 

experienced each condition of the study, including the control condition. 

Within the assessment, each participant completed a pretest of all the vocabulary 

presented, a learning section with 3 experimental blocks, and a posttest identical to the pretest. 

Vocabulary 

Twenty-four words were selected for use in this study. Because 3 comparable groups of 

vocabulary were desired, 8 unique biological topics were selected and 3 similar-sounding words 

pertaining to each topic were selected. Definitions for each word were derived from the author’s 

prior knowledge and also modified from Freeman “Biological Science” Vol. 1, 5th edition.   

Descriptive images for each of the vocabulary words were based upon the author’s prior 

knowledge and electronically illustrated by the author using Adobe Flash Pro CS5.5. Examples 

of these images are shown below in Fig. 1.  

Fig. 1. Images drawn for computerized assessment 
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Pretest and Posttest design 

All 24 vocabulary words used in the study were tested in the pretest and posttest. 

Participants were asked to perform three subtests to demonstrate their understanding of a word: 

1) Definition; 2) Rating; 3) Picture Vocabulary 

Definition 

Participants were instructed to type a definition for the word that appeared on the screen. 

Using the definitions provided in the game as the highest standard for completeness and 

accuracy, definitions were scored using a gestalt-type scale by the author on a scale from 0-5. A 

scoring rubric is located below in Table 1.  

Table 1. Rubric for assessing responses for definition task. 

Score Characteristics of Definition 
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5 Complete and accurate definition, correct inclusion of all or most of the key words 

(not necessarily a word-for-word repetition of the provided definition) 

4 Accurate and mostly complete definition, with some key words correctly included 

Extensive and mostly accurate definition, with some key words correctly included 

3 Related to general biological topic, inaccurate with key words possibly misused 

2 Limited, vague, and only marginally correct, inclusion of key words without 

context. 

1 Incorrect and extremely limited definition 

0 No attempt 

 

Rating 

Participants were instructed to rate how well the image shown described the word on the 

screen on a scale from 1 – 9, with a rating of 1 meaning that the picture was a very bad 

representation of the word, and a rating of 9 meaning that the picture was a very good 

representation of the word. Each word had three different options for images – one good 

representation, one moderate representation, and one bad representation. The distribution of 

good/moderate/bad representations was randomized, with 8 of each appearing throughout the 24 

word subtest. Participants were allowed to modify their selection and could confirm their 

selection by pressing the next button.  

To score the task, each category was assigned an ideal range: Good) 7-9, Moderate) 4-6, 

Bad) 1-3. Each category was also assigned an ideal value: Good) 9, Moderate) 5, Bad) 1. If the 

participant selected the ideal value for an image, they received a score of 10 for that trial. If the 
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participant selected a number in the ideal range for an image, but not the ideal value, they 

received a score of 9 for that trial. If the participant selected a number one range away from the 

ideal range (for example selecting 7-9 or 1-3 when the target range was 4-6), they received a 

score of 5 for that trial. If the participant selected a number two ranges away from the ideal range 

(for example selecting 7-9 when the target range was 1-3), they received a score of 1 for that 

trial. The scoring rubric for the Rating task is summarized in Table 2 below. 

Table 2 

Target Type Participant number selection Score for Trial 

Good 9 10 

Good 7, 8 9 

Good 4 - 6 5 

Good 1 – 3 1 

Moderate 5 10 

Moderate 4, 6 9 

Moderate 1 - 3, 7 - 9 5 

Bad 1 10 

Bad 2, 3 9 

Bad 4 – 6 5 

Bad 7 – 9 1 

 

Picture Vocabulary 

Participants were instructed to select the picture from a group of three that best described 

the word that appeared above. For each word, the three different representations from the Rating 

task were all present on the screen. Participants were allowed to modify their selection and could 

confirm their selection by pressing the next button. 

Learning Section 
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The learning section consisted of three blocks: Traditional, Lexical, and Conceptual. 

Each block represents an experimental manipulation. Each of the three sets of words is randomly 

assigned to one of the manipulations for each subject.  

Traditional block 

In the traditional block, the participants are first presented with an extended version of 

the stimuli, and then a simplified version. In the extended version, each of the 8 words is 

presented in black text along with definition and corresponding image for 13 seconds. In the 

simplified version, each of the 8 words is presented twice in randomized order in black text for 8 

seconds.  

The participant then takes a block test that is similar in structure to the pre- and posttest. 

In the block test, only 8 words in the block are tested, instead of all 24.  

Lexical block 

The lexical block only differs from the traditional block in the presentation of stimuli. In 

this block, each of the words is presented in a different color.  

Conceptual block 

The conceptual block only differs from the traditional block in the presentation of stimuli. 

In this block, participants see an alternative correct illustration of the concept 

Peabody Picture Vocabulary Test, 4th Edition 

Most of the participants also took a standardized vocabulary assessment, the Peabody 

Picture Vocabulary Test (PPVT™-4). The participants’ scores were assessed according to the 
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guidelines included in the test. These data were used descriptively, to see if general vocabulary 

was correlated with better performance on specific conditions. 

 

Results 

Descriptive Statistics 

For this study, 8 participants were recruited. The age of the participants ranged from 18-

62, with median age 21.75. The majority of the participants were undergraduate students at a 

public university in Arizona (n=6), the remainder were non-student adults working in professions 

unrelated to the sciences.  PPVT-4 scores were collected for some of the participants (n=7) and 

ranged between 100 and 138, with a mean of 116.8. Educational level ranged between 1 year of 

college/technical school completed and completed graduate education, with a median 

educational level  of 3.5 years college or technical school. Of the participants, four reported 

having taken BIO181 or an equivalent course more than 3 years ago. However, two of these four 

reported having taken BIO181 or an equivalent course more than 20 years ago. 

Data Analysis 

Friedman’s Test 

 First, Friedman’s test was performed on each participant’s data in order to analyze the 

patterns in performance for each of the tasks. From the calculated statistics, it is evident that all 

participants’ performance improved on all three tasks from the pre-test to the post-test. However, 

it is clear that most participants experienced a decrease in performance between the block test 

and the post test. Because overall learning is the variable of interest, it was decided to omit the 

results of the block test and perform a Wilcoxon’s test on each of the testing conditions. 
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 Wilcoxon’s Test 

 For each participant, an average pre- and post-test score was obtained for the three 

experimental conditions for each task. These averages were analyzed using a Wilcoxon’s test to 

compare data across learning conditions. The calculated statistics are summarized in Table 3 

below. 

Table 3. Results of Wilcoxon’s test across task and experimental condition. 

    Task 

Experimental 

Condition 

  Definition Rating Picture Vocabulary 

Traditional z 2.52 2.37 1.82 

  p-value 0.0117 0.018 0.0687 

Lexical z 2.38 2.38 2.366 

  p-value 0.0173 0.0173 0.018 

Conceptual z 2.52 1.68 2.52 

  p-value 0.0117 0.0929 0.0177 

 

Statistically significant results are in bold text.  

 To analyze the effect of general vocabulary skills on performance, participants’ scores on 

the PPVT-4 were correlated with their post-test performance on each of the tasks for each of the 

experimental conditions. The calculated statistics are summarized in Table 4 below.  

Table 4. Correlation (R) of Age-standardized PPVT-4 score and post-test performance 

 Definition Rating Picture Vocabulary 

 T L C T L C T L C 

R 0.6451 0.2319 0.4036 0.8294 0.1282 0.4752 0.3412 -0.12 -0.6483 

p-

value 

0.12 0.62 0.37 0.02 0.78 0.28 0.45 0.80 0.12 
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Noteworthy statistics are in bold text. 

 

Discussion 

A statistical analysis of the results of the computerized assessment indicates that all three 

experimental conditions can cause some form of performance gains in vocabulary learning (see 

Table 3). Traditional instruction is shown to improve performance on the definition and rating 

tasks. Increased variability in lexical representation is shown to improve performance on all 

tasks. Increased image variability is shown to improve performance on the definition and picture 

vocabulary tasks. 

We expected to see improved performance on the rating task for the conceptual 

condition. However, this gain was not statistically significant. One possible cause for this 

discrepancy may be the limited number of stimuli presentations. Participants only saw a visual 

representation for each of the words three times during the learning block. During the conceptual 

instruction block, one of these representations was replaced with an alternative illustration. It is 

possible that participants were mentally comparing the test stimulus to the primary illustration 

for a term, and reduced exposure to the primary illustration hindered their ability to make this 

comparison. This effect could have been mitigated by increasing the overall number of stimuli 

presentations 

Comparing the results of Wilcoxon’s test for each of the instructional techniques, it 

appears that increasing the variability of lexical representation during instruction is the best 

method of increasing vocabulary learning performance. This method significantly improved 

scores for all three of the tasks. However, all methods of instruction significantly improved 
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performance for at least two of the tasks, so increased image variability as well as traditional 

instruction should not be disregarded as valid vocabulary instruction techniques.  

In order to analyze the relationship between general vocabulary skills and performance 

on the computerized assessments, the PPVT-4 scores of the participants were correlated with 

their performance on the post-test for each of the tasks. Although most of the resultant 

correlations were unremarkable, some interesting relationships were noted. Firstly, there was a 

relatively strong positive correlation between PPVT-4 score and post-test performance for the 

words presented during the traditional block (see Table 4). This may indicate that people with 

greater vocabulary skills show improved learning with traditional instruction, and that additional 

variability may not be necessary for vocabulary learning.  

A negative correlation was noted between PPVT-4 score and post-test score on the 

picture vocabulary task for the words presented during the lexical and conceptual conditions (see 

Table 4). The conceptual condition in particular demonstrated a strong negative correlation. This 

means that for people with lower vocabulary skills, increasing image variability and variability 

of lexical representation may be useful.  

Due to the limited nature of the study, it is unclear whether the results obtained can be 

generalized for the greater adult population. Firstly, the sample size (n=8) was small and not 

obtained randomly. All of the participants had at least some college education, and it is possible 

that a familiarization with studying and learning from slides may have amplified the improved 

performance over all blocks. Furthermore, the nonrandom sample may have limited the range of 

the PPVT-4 scores and thus obscured a true correlation between performance on the various 

tasks and generalized vocabulary skills. Because participation in the study was voluntary and 
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uncompensated, an effort was made to reduce the total time of participation. If the participants 

had been presented with more iterations of each stimulus, it is possible that greater 

differentiation between the experimental conditions would have occurred.  

Despite these limitations, the results of the study do have some real-world implications 

on science vocabulary instruction. There may be a benefit to increasing lexical representation 

variability in instructional materials for all students. This can be accomplished by using different 

fonts and colors for written materials, or using different colored markers on a whiteboard. There 

may also be some benefit to providing multiple visual representations of concepts to students for 

whom vocabulary learning is challenging. This can be done by supplementing class materials 

with additional images and diagrams.  

 In conclusion, there are benefits to increasing both lexical and image variability 

during typical vocabulary instruction, but this benefit may not be the same for people of varying 

general vocabulary skills. Ultimately further research is needed to investigate the effects of 

variability on scientific vocabulary learning.   
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