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Abstract 

Purpose: To identify effects of variability of visual input on development of conceptual represen-

tations of academic concepts for students with normal language (NL) and language-learning dis-

abilities (LLD).  

Method: Students with NL (n=38) and LLD (n=11) participated in a computer-based training for 

introductory biology course concepts. Participants were trained on half the concepts under a low-

variability condition and half under a high-variability condition. Participants completed a post-

test in which they were asked to identify and rate the accuracy of novel and trained visual repre-

sentations of the concepts. We performed separate repeated measures ANOVAs to examine the 

accuracy of identification and ratings.  

Results: Participants were equally accurate on trained and novel items in the high-variability 

condition, but were less accurate on novel items only in the low-variability condition. The LLD 

group showed the same pattern as the NL group; they were just less accurate.  

Conclusions: Results indicated that high-variability visual input may facilitate the acquisition of 

academic concepts in both NL and LLD college students. Specifically, it may be beneficial for 

generalization to novel representations of concepts. Implicit learning methods may be harnessed 

by college courses to provide students with basic conceptual knowledge when entering courses 

or beginning new units.  

Keywords: adult, LLD, learning theory, variability, concept development 
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Introduction 

 Research has identified that experts in an area are generally able to recognize meaningful 

features and patterns of information more readily than novices (Bransford, Brown, & Cocking, 

2010). This is most likely due to the increased experience experts have with the information in 

their field. Students entering introductory college biology classrooms can be considered relative 

novices in the field, and therefore may have more difficulty identifying key conceptual features 

than individuals more experienced with biology coursework. Utilizing implicit learning prin-

ciples may allow students to tap into key conceptual features before entering the classroom, and 

therefore may allow them to more readily access course content. This basic knowledge may be 

especially pertinent for students who do not have good concept learning skills, such as students 

with language-learning disabilities (LLD). 

 Learning theory is the study of how people learn, and researchers in this area attempt to 

identify the conditions under which people learn best. Implicit learning takes place when an in-

dividual learns new information without trying (e.g., Reber, 1967), such as how most children 

learn language. Most teaching methods do not take advantage of implicit learning abilities, but 

implicit learning may allow individuals to gain basic knowledge about new concepts. Successful 

learning does not only require that an individual is able to perform well on trained tasks, but that 

they are able to generalize their knowledge to novel tasks. One of the conditions that promotes 

learning and generalization is variability (Alt, Meyers, & Ancharski, 2012). Thus, we wanted to 

examine how applying the principle of variability to visual input might influence how college 

students learn academic concepts. 
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 The principle of variability identifies the type of input learners should be presented with 

in order to promote implicit learning. In the case of visual input, learners can receive either low-

variability input, in which they see the same examples of a concept many times, or high-variabil-

ity input, in which they see many different examples of a concept. High variability input, both 

auditory and visual, has been shown to promote generalization to novel exemplars in learners 

(Perry, Samuelson, Malloy, & Schiffer, 2010; Torkildsen, Dailey, Aguilar, Gómez, & Plante, 

2013). Specifically, Torkildsen et al. (2013) demonstrated that adults exhibit greater generaliza-

tion of underlying grammar to novel instances when supplied with high, rather than low, variabil-

ity auditory input. Similar results were demonstrated by Perry et al. (2010) in regards to category 

learning in toddlers. The toddlers in this study were better able to generalize category knowledge 

to new exemplars when provided with high variability visual representations of the categories. 

 Research in the area of learning theory also attempts to identify if different types of 

learners, such as learners with normal language (NL) abilities verses LLD, require different con-

ditions to promote learning. In the Torkildsen et al. (2013) study, NL and LLD learners were 

compared. The NL learners in the study were able to demonstrate generalization to novel exem-

plars in both the low and high variability conditions, but demonstrated greater generalization in 

the high variability condition. Alternatively, the LLD learners only demonstrated generalization 

in the high variability condition. These results indicate that though high variability input is bene-

ficial to all learners, it may be necessary for individuals with a history of LLD. 

 Few studies have attempted to study visual learning and representations, specifically in 

adults. Perry et al. (2010) determined that high variability visual input is beneficial for general-

ization of category concepts in toddlers, but these results have not been replicated in adults to 
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date. Alt, Meyers, and Alt (2013) attempted to gain insight into conceptual development using 

visual stimuli. The authors presented typically-developing (TD) children, children with specific 

language impairment (SLI), and typical adults with images of animals and asked them to rate 

how “weird” the animals were. Some of images of the animals presented to the participants had 

been changed in either color, pattern, shape, or facial structure to make them look “weird,” while 

the other images were unedited and considered to represent normal animals. Results indicated 

that adults faithfully rated images of normal animals as normal, typical children rated these im-

ages as slightly “weird,” and children with SLI rated these images as even “weirder.”  The au-

thors implied that these differences in ratings of normal animals reflected the raters’ conceptual 

knowledge of the animals.  That is, adults with well-formed conceptual knowledge of bears 

know that bears can be both brown and black, and would not therefore rate a bear of either color 

as “weird.”  In contrast, a child who only has experience with brown bears might rate a black 

bear as slightly “weird” due to a lack of conceptual knowledge about bears. Specifically, these 

results suggest that typical children require more exemplars of these animals to have a high con-

ceptual understanding of what a normal variant of that animal looks like, and children with SLI 

may require even more exemplars.  

 The current study sought to identify the effects of variability of visual input on learning 

by college-age adults with NL and LLD. Participants in this study were trained on academic vo-

cabulary taken from an introductory biology course using stimuli designed to foster implicit 

learning.  Our hypotheses were that:  
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1) College-aged students would develop stronger conceptual representations of academic vocab-

ulary terms when provided with high-variability visual input, rather than low-variability vis-

ual input. 

2) Students with LLD students would also benefit from high-variability visual input. 

Methods 

Participants 

 After receiving approval from the University of Arizona’s Institutional Review Board 

(IRB), two groups of participants were recruited for the purpose of this study. Thirty-eight col-

lege-students belonged to a NL group and were recruited through courses in the Speech, Lan-

guage and Hearing Sciences Department of the University of Arizona (UA) offering extra credit 

for participation in a research study, as well as the Psychology Experiment Tracking System of 

the Psychology Department of UA. Eleven students who reported a history of LLD belonged to a 

LLD group and were recruited through flyers posted in the Disability Resource Center (DRC), 

Strategic Alternative Learning Techniques (SALT) Center, and Think Tank of UA (a tutoring cen-

ter available to all students on campus). Additionally, the DRC posted information regarding re-

cruitment for the study on their Facebook page. Students with a history of LLD were eligible to 

receive compensation, at the rate of 10 dollars an hour, if they were not seeking course credit for 

participation. The NL group included 9 males and 29 females, while the LLD group include 3 

males and 8 females. On the initial questionnaire, 24 participants in the NL group reported their 

ethnicity as “not Hispanic or Latino,” 12 reported “Hispanic or Latino,” and two failed to report 

an ethnicity. In the LLD group, 10 of the participants reported their ethnicity as “not Hispanic or 

Latino” and one reported “Hispanic or Latino.” Thirty-one of the participants in the NL group 
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reported their race as “White,” four reported “Asian,” one reported “Black/African American,” 

and two failed to report race. All eleven participants in the LLD group reported their race as 

“White.” 

 Participants were required to be native English speakers, 18-30 years of age, and to pass a 

hearing and color-vision screening. Individuals were excluded from participation if they reported 

a history of seizures or brain injury during completion of a case history form. In order to verify 

group membership (NL or LLD), we combined self-report with the score from the Fidler, Plante, 

and Vance (2011) test battery. This battery included the Modified Token Test (Morice & McNi-

col, 1985), the Word Definition subtest of the Clinical Evaluation of Language Fundamentals, 

Fourth Edition (CELF-4-WD; Semel, Wiig, & Secord, 2003), and a 15-word spelling test (Fidler 

et al., 2011). For the purpose of analysis, the revised constant for the Fidler battery (groups com-

bined) was used in the formula to determine group membership (Fidler, Plante, & Vance, 2013). 

Using this formula yielded a sensitivity of 75% and a specificity of 81% for Fidler et al. (2013).  

Seventeen participants were excluded when their self-report did not match their Fidler battery 

outcome: fifteen who self-reported as typically-developing and two who self-reported as having 

a history of language learning disabilities. Additionally, each participant completed The Peabody 

Picture Vocabulary Test, Fourth Edition (PPVT-4; Dunn & Dunn, 2007) to determine their cur-

rent level of vocabulary knowledge, as well as the Test of Nonverbal Intelligence, Fourth Edition 

(TONI-4; Brown, Johnsen, & Sherbenou, 2010) to dismiss the presence of an intellectual disabil-

ity.  We calculated inter-rater point-by-point reliability for 12.65% of the samples.  We achieved 

100% reliability for the PPVT-4, 99.66% reliability for the TONI-4, 93.17% reliability for the 
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CELF-4-WD, 100% reliability for the Modified Token Test, and 100% reliability for the 15-word 

spelling test. Table 1 describes participants in both groups.  

Table 1. Participants’ demographic features and means and standard deviations on inclusionary 
and descriptive testing. 

Stimuli 

 A list of vocabulary terms for the University of Arizona’s Biology 181 course (the intro-

ductory biology course offered at the university) was obtained from a current instructor of the 

course. These terms were then defined and key conceptual components of the definitions were 

identified. Forty-six terms were selected from the list based on the imageability of the key con-

LLD (N = 11) NL (N = 28)

Variable M SD M SD

Age (years)*            20           3.85            19             0.97

TONI-4** 90.63 6.18           98.71                          8.54

PPVT-4 104.36 35.39           102.73                   9.87

CELF-4-WD** 10.18 2.56            12.21                               1.91

MTT** 29.18 7.61            38.60             2.70

15-word spelling test** 4.81 2.13             11.68            2.10

Fidler Composite 
Score** 1.49 1.23            -0.95            0.97

# Words Needed* 30.72 7.32            36.21                        7.09

*Groups were significantly different on t-test with p < .05.  
**Groups were significantly different on t-tests with p < .01 
Note. LLD = learning language disablies; NL = normal language; TONI-4 = Test of 
Nonverbal Intelligence, Fourth Edition; PPVT-4 = The Peabody Picture Vocabulary Test, 
Fourth Edition; CELF-4-WD = Word Definition subtest of the Clinical Evaluation of 
Language Fundamentals, Fourth Edition; MTT = Modified Token Test; # Words Needed = 
Number of words each participant was tested on before they reached criterion to participate in 
the study (12-16 incorrect words) 
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ceptual components. For example, the term anaphase is defined as the stage of mitosis during 

which spindle fibers separate the sister chromatids and pull them to opposite ends of the cell, and 

all components of this definition can be easily represented in an image (“Anaphase”, n.d.). Un-

like the previous term, terms such as chemical element, which is defined as a substance that can-

not be separated into simpler substances and that singly or in combination constitute all matter, 

have no easily representative visual form (“Chemical element”, n.d.). All the chosen terms were 

nouns and, furthermore, either represented structures or processes. 

 For the training phase, 10 images were required for each item. For terms trained under 

the high variability condition, 10 different images were shown to the participant representing the 

term. For terms trained under the low variability condition, the same image was show to the par-

ticipant 10 times. See Appendix A for examples. 

 Additional images were required for the post-test and rating assessments. For the post-

test, one additional image for each term was required to assess generalization of knowledge to 

new visual representations. For the rating assessment, three additional images were created: two 

images that were accurate depictions of the term, one image that was an inaccurate depiction of 

the term, and one image that was a moderately accurate depiction of the term. Images were ac-

cepted as accurate representations of the target term if the image showed all the key conceptual 

components. For example, for the term anaphase, the images needed to clearly demonstrate 

spindle fibers, the separating of the sister chromatids, and the sister chromatids moving to oppo-

site ends of the cell.  Moderately accurate images were missing one or two of the identified key 

conceptual components, but did not have any clearly erroneous components. Therefore, the mod-

erately accuracy visual representation of anaphase omitted the spindle fibers. Inaccurate images 
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were missing the majority of the key conceptual components, but did not include erroneous con-

cepts. The inaccurate image of anaphase omitted the spindle fibers, did not show the sister 

chromatids separating, and showed the sister chromatids at midline, rather than at opposite sides 

of the cell, and therefore is a more accurate representation of metaphase.  All images were 

500x400 pixels in size, rendered in color, of good quality, and absent of any labels.  For exam-

ples of stimuli, see Appendix B. Stimuli were presented to participants through a computer using 

a java-based program created for the experiment. 

Procedure 

General 

 The procedure took place across two sessions. The first session included completion of 

the consent form, questionnaire, hearing and color-vision screening, pre-test and standardized 

testing. This first session was approximately an hour in length. Some participants required longer 

testing times, and therefore any assessments not completed during the first session were com-

pleted at the end of the second session. The second session included completion of the training, 

post-test, ratings, and any additional standardized testing. The second session took approximately 

30 minutes, unless the participant needed to finish completing the standardized assessments. The 

two sessions took place on different days, typically with one to seven days in between.  

Pre-test 

 Participants received a pre-test in order to determine which terms they did not already 

have adequate knowledge of and, therefore, could be trained on. The pre-test was presented on a 

desktop computer in a four-choice format, in which the participant was shown the  orthographic 

representation of a term and given four images to choose from, one of which correctly matched 
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that term and three which were randomly selected foils chosen from all the possible biology 

terms in the study. See Figure 1 for an example of the pre-test. The participant was asked to se-

lect the image using a mouse that best represented the term.  The 46 terms were presented in ran-

dom order to each participant and the placement of the correct image was randomly selected, as 

well. Participants had to incorrectly identify 12-16 terms in order to continue participation in the 

study. Twenty-one of seventy participants were disqualified from continuing in the study because 

it was determined they were too knowledgeable about biology terms. Once the participant missed 

the required amount of words, the pre-test was automatically discontinued. The incorrectly iden-

tified terms were then randomly paired and assigned to either a low or high variability condition. 

All responses for the all portions of the experimental procedure were automatically scored by the 

computer.  

Figure 1. Example of pre-test and post-test four-choice format. 

�
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Training 

 Each participant was trained on half the words using low variability visual input and half 

the words using high variability input to allow comparison of the conditions. Each term was pre-

sented 10 times throughout the training. Terms in the low variability condition were presented 

with the same image each time, whereas terms in the high variability condition were presented 

with a different image on each presentation. See Appendix A for examples of the low and high 

variability conditions. Therefore, participants saw the same image ten times for terms in the low 

variability condition, and 10 different images for terms in the high variability condition through-

out the training. Each imaged was paired with the orthographic representation for the term and 

was shown on the screen for three seconds. The presentation of terms and their representative 

images were randomized. The total time for the training ranged from six to eight minutes.  

Post-test 

 Directly after the training, the post-test was presented in a four-choice format, similar to 

the pre-test (See Figure 1 for example). Each participant was asked to select the image that best 

represented the given term. Each term was presented twice during the post-test, once where the 

target answer was an image the participant had seen during training, and once where the target 

answer was a novel image not seen during training. The presentation of terms and trained versus 

novel images was entirely randomized. 

Ratings 

 Participants also completed an accuracy rating of images that accurately, moderately, and 

inaccurately represented the targeted concepts in order to further identify their conceptual under-

standing of these concepts. Participants were presented with an orthographic representation of 
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the term paired with an image. In addition, they were presented with a rating scale from one 

through nine. They completed a training session in which they were instructed that a rating of a 

one indicated that the image accurately represented the term, a rating of a nine indicated that the 

image inaccurately represented the term, and a rating of a two through eight indicated that the 

image moderately represented the word. See Figure 2 for an example of the ratings task. Partici-

pants were asked to rate four images for each term they were trained on: two novel images that 

accurately represented the word, one novel image that inaccurately represented the word, and 

one novel image the moderately represented the word. The presentation of terms and accuracy of 

the images was randomized. Participants used a mouse to select their ratings.   

Figure 2. Example of ratings task. 

!
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Results 

Design 

 In order to determine the effect of visual variability on the accuracy at identifying a pic-

ture in a field of four, we performed a repeated measures ANOVA with variability (high/low) and 

training (trained/novel) as the within subject items and group (NL, LLD) as the between subjects 

measure. We performed a separate repeated measures ANOVA to examine the accuracy of rat-

ings, with variability (high/low) and accuracy of rating (accurate, moderate, inaccurate) as the 

within subject variables and group (NL, LLD) as the between subject variable.  Finally, we ex-

amined descriptive measures to see if there were any individual variables that might predict 

learning.  

Picture Identification 

 There was a main effect for group (F (1, 47) = 14.44, p < .001, η2= .23) such that the NL 

group was more accurate overall than the LLD group. The mean and standard deviation for the 

NL group was 94.56% (SD = 6.07%), and was 85.62% (SD = 9.22%) for the LLD group. There 

was also a main effect for training (F (1, 47) =16.27, p < .001, η2= .25), such that people were 

more accurate on trained versus novel items. However, this was mediated by an interaction be-

tween training and variability (F (1, 47) =16.19, p < .001, η2= .25). Post hoc testing using 

planned comparisons showed that participants were equally accurate on trained and novel items 

in the high variability condition (F (1, 47) = 0.47, p = .49), but were less accurate on novel items 

only in the low variability condition (F (1, 47) = 33.89, p < .001). See Table 2 for means and 

standard deviations.  Importantly, there was no interaction between variability x training and 



  !18

group (F (1, 47) = 1.65, p = .20, η2= .03), showing that the LLD group showed the same pattern 

as the NL group; they were just less accurate.  

Table 2. Percent correct for post-test picture identification. 

Ratings 

 We first checked to see if there were differences in the actual ratings for each image type 

using a repeated measures ANOVA.  This was to ensure that the participants were noting a dif-

ference between the types of images, and not simply choosing a default rating each time.  There 

was no effect for group for this analysis (F (1, 47) = 0.89, p = .35, η2= .01), so we looked at the 

overall ratings.  There was a main effect for image type (F (1, 47) = 107.94, p < .001, η2= .69).  

The average rating for accurate images was 2.40, the average for moderate images was 4.10, and 

the average for inaccurate images was 4.71, showing a trend towards the expected responses (See 

Table 3 for means and standard deviations of the average ratings).  

However, the research question was related to the accuracy of the ratings. Ratings of ‘1’ 

for accurate images were counted as correct, ratings between ‘2’ and ‘8’ for  moderately accurate 

images were counted as correct, and ratings of ‘9’ were counted as correct for inaccurate images. 

The second analysis indicated there was a main effect for accuracy of the image (F( 2, 94) = 

LLD (N = 11) NL (N = 38)

Variable M SD M SD

High, trained 86.81 9.94 96.05 8.27

High, novel 86.38 18.91 93.88 8.82

Low, trained 90.90 13.79 98.35 4.28

Low, novel 78.40 13.79 89.97 9.77
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60.60, p <.001, η2= .56). A Fisher’s Least Squares difference test showed that participants were 

more accurate (p < .001) at correctly rating accurate images (mean = 75.41%), than moderate 

images (mean = 54.63%), which were correctly rated more than inaccurate images (mean = 

31.80%).  However, that was mediated by an interaction between accuracy of the image and 

variability (F (2, 94) = 5.73, p =.004, η2= .10). Post hoc tests using planned comparisons showed 

that participants were more accurate at correctly rating accurate images in the high variability 

condition than the low- ariability condition (F (1, 47) = 7.04, p = .01). However, performance 

was equivalent for the moderate images (F (1, 47) = 3.98, p = .051), with a trend favoring the 

low variability condition. Participants were equally bad at rating inaccurate images in both con-

ditions (F (1, 47) = 1.82, p = .18).  See Table 4 for means and standard deviations for percent 

correct for the ratings task. There was no main effect for group (F (1, 47) = 0.53, p = .46, η2= .

01), nor were there any interactions related to group.  

Table 3. Group combined average ratings. 

Table 4. Percent correct for ratings task. 

Accurate Moderate Innacruate

Condition M SD M SD M SD

High variability 2.09 0.75 3.83 1.00 4.66 1.06

Low variability 2.68 40.82 4.40 1.22 5.08 1.32

Accurate Moderate Innacruate

Condition M SD M SD M SD

High variability 80.82 14.60 51.84 20.97 30.79 18.70

Low variability 70.78 16.82 55.00 22.41 37.82 21.67
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Correlations 

 We ran Pearson Product-Moment correlations to determine if there were any individual 

factors that might be correlated with performance on the task. We started with the picture identi-

fication task, and found significant correlations (p < .05) with accuracy on the trained words 

(high variability condition, low variability condition) for the Token test (r = .39, r = .44), the 

spelling test (r = .38, r = .46), the CELF-4-WD (r = .49, r  =.32), and the Fidler composite score 

(r = -.48, -.50).  The differences between conditions were related to a correlation for the number 

of words need to reach criterion (r = .36; the number of words tested before the participant 

missed 12-16 words) that only occurred in the high variability training condition and a correla-

tion for the TON4 (r = .29) which was only found in the low variability condition.  

 In contrast, only the number of words needed to reach criterion was correlated with accu-

racy on the picture identification task for novel images of words that had been trained in the high 

variability condition (r  = .36).  However, many items were correlated with the accuracy of gen-

eralization to novel images of words trained in the low variability condition: Modified Token 

Test (r = .40), the 15-word spelling test (r = .36), the CELF-4-WD (r = .29), and the Fidler com-

posite score (r = -.43).   

For the ratings task, percent correct on accurate images trained in the high variability 

condition was significantly correlated with number of words needed to reach criterion (r  = .36).  

Nothing was correlated with performance on moderate or inaccurate items.  For percent correct 

of accurate items trained in the low variability condition, the number of words needed to reach 
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criterion was also significantly correlated (r  = .39), as was PPVT-4 (r = .31). No other measures 

were correlated with the ratings task.  

Discussion 

 Students are required to learn a vast amount of concepts during the course of a semester, 

and their lack of experience within the field places them at a disadvantage for recognizing mean-

ingful features and patterns in the information presented to them (Bransford et al., 2010). Provid-

ing students with variable visual input before entering a course may allow them to more readily 

extract important conceptual information. The purpose of this study was to identify if high vari-

able visual input would increase both NL and LLD students’ conceptual understanding of acad-

emic concepts.  

 Results from this current study indicated that both students with NL and LLD are able to 

generalize learning to new visual representations of concepts above chance when provided with 

less than 10 minutes of either low-variability of high-variability visual input, but that both groups 

of students were able to more accurately generalize to novel exemplars when provided with high-

variability input. Though students with LLD did receive similar benefits in regards to generaliza-

tion with high variability input, they did not gain accuracy equal to their NL peers when identify-

ing trained or novel images. Future research should attempt to identify if other conditions, such 

as increased time to look at each image, or more training exemplars, can increase student’s with 

LLD learning to the level of their NL peers. Previous research, such as the Torkildsen et al. 

(2013) study, has shown that LLD individual’s require greater variability to generalize concepts 

than NL adults, and therefore students with LLD may require more variable visual representa-

tions of concepts to generalize to new visual representations. 
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 The ratings task was administered in order to gain a more thorough understandings of the 

participant’s conceptual knowledge of the trained concepts. High variability visual input was 

beneficial for participants when rating accurate or moderately accurate images. Students were 

equivalently poor at rating images that inaccurately represented words trained under either condi-

tion. This may be due to the stimuli design, as inaccurate images were lacking most of the key 

conceptual features, but no erroneous features were introduced. Therefore, it could be argued that 

these visual representations were not necessarily inaccurate, but rather poorer moderately accu-

rate representations of the terms. 

 The number of words needed to reach criterion was significantly correlated with the per-

cent correct for both the picture identification task for novel images and the accuracy ratings of 

words trained in the high variability condition. If a participant had to be tested on more words to 

reach criterion to participate in the study (12-16 words incorrect), this suggests that they had 

greater knowledge of biology concepts. Therefore, the correlation between number of words 

needed to reach criterion and better performance on the picture identification task for novel im-

ages and accuracy ratings suggests that individuals with greater biology knowledge were more 

readily able to gain conceptual knowledge and generalize to new exemplars. This is in agreement 

with the notion that experts, who are more knowledgeable in their field, identify meaningful fea-

tures and patterns for easily than novices (Bransford et al., 2010). 

 Performance on the picture identification task for novel images of words trained in the 

low variability condition was correlated with the Modified Token Test, the 15-word spelling test, 

the CELF-4, and the Fidler composite score. Additionally, performance on the the accuracy ra-

tings for words trained in the low variability condition was correlated with the PPVT-4. These 
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correlations suggest that, in the low variability condition, students had to rely on extra resources, 

such as language abilities or vocabulary knowledge, to apply knowledge to novel exemplars. The 

lack of correlation for these types of skills in the high variability condition may be suggestive of 

lower effort needed in that condition. This combination of higher accuracy with lower expendi-

ture of cognitive resources in the high variability condition is appealing. 

 Limitation of the current study includes the lack of knowledge of long term retention and 

real-word gains. The post-test and rating measures collected in this study were performed imme-

diately after training. Future studies should investigate delayed recall after similar training ses-

sions in order to determine if the benefits of training are maintained. The measures completed in 

this study are also simple measures and there is no research to suggest that performance on these 

measures translates to gains in the classroom. 

 Future research should apply these current findings to real college-level biology class-

rooms. Educators could create web tutorials for students to view prior to attending class, in order 

to give students a basic conceptual understanding of core concepts before entering the classroom. 

Prior exposure to visual representations of course concepts may allow students to more easily 

identify key features of each concepts.  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Appendix A: Example of rating stimuli for “anaphase”. 

Accurate Moderate Inaccurate

This image is a good 
representation of the term 
“anaphase” because it shows 
spindle fibers separating the 
sister chromatids and pull 
them to opposite ends of the 
cell.

This image is a moderately 
appropriate representation of 
the term “anaphase” because 
though it shows the sister 
chromatids separating and 
moving towards the opposite 
ends of the cell, it is missing 
the spindle fibers that are 
separating the sister 
chromatids.

This is an inaccurate 
representation of the term 
“anaphase” because it does 
not show the sister 
chromatids separating or the 
spindle fibers, and actually 
represents the a different 
stage of mitosis, metaphase.

!! !
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Appendix B: Example of high and low variability training stimuli for the term “anaphase.” 

Low variability

High variability

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!
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