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 OBJECTIVE 

Reading assessments designed for beginning readers often include items that require the student to match a word to a picture prompt; 
Istation’s Indicators of Progress and Renaissance’s Star Early Literacy assessments are two examples (Mathes, Torgesen, & Herron, 2016; 
Renaissance Learning, 2016). The words in these picture items typically include words found in reading materials commonly encountered by 
students in the earliest stages of reading. MetaMetrics has also developed picture items that can be incorporated into assessments of early 
reading ability and has conducted research to explore the characteristics of these picture items that may affect difficulty. 

The two objectives of this research were 

 to estimate and compare the difficulty of picture items using drawn and photographed pictures; and

 to investigate whether part of speech affects the difference between items with drawn and photographed pictures.

Research Questions: 
1) To what extent are the drawn picture and photographed picture item difficulties similar?
2) To what degree does the empirical difficulty of a picture item change based on the word’s part of speech and picture type?

METHODS 

Participants 
The participants in the study consisted of 468 first-grade students across 12 U.S. states (AZ, CA, FL, GA, HI, ID, KS, KY, MI, NC, OK, and TN). The 
students were from 24 classrooms in 16 different schools. Participants were recruited through email communication, MetaMetrics website 
referrals, and blog postings. Interested teachers of participants completed a survey, and those who met the participation criteria (e.g., had 
access to computers in a classroom or in a computer lab, had approval to participate) were included in the final sample.   

Procedure 
Four forms of the research test were developed. Each form contained 15 anchor items: 10 common anchor items and 5 anchor items shared by 
two of the four forms. The anchor items had known difficulties and were used to place the picture items on the Lexile scale. Each form also 
included 20 picture items to address Research Objectives 1 and 2. Table 1 provides the design and descriptive statistics for each form. Each 
picture item comprised a simple line drawing or photograph with four single-word answer choices (see Figure 1). A total of 40 unique drawn 
picture items and 40 corresponding photograph picture items were distributed across the four forms with no repeated pictures within a form. 
Of the 40 drawn picture items, 20 had been previously tested and had known item characteristics. A photograph picture item clone was 
created to match the content of each previously tested drawn picture item. A clone item contained the same content (i.e. the same image in 
either drawn or photograph form) and identical answer choices. Additionally, 20 picture items were newly developed as a clone set of drawn 
pictures and photographs. The four forms were constructed to include 5 previously administered drawn picture items, 5 of their clone 
photograph picture items, 5 newly developed drawn picture items, and 5 newly developed clone photograph picture items. The final item set 
included 18 nouns, 12 verbs, and 10 adjectives. Figure 1 provides an example of a picture item: the drawn picture is on the left side and the 
photograph picture is on the right side. As noted above, all response options were the same for each pair of picture items. The response 
options for the items in Figure 1 were sing, cry, sit, and catch.  

Table 1.  Design of the four forms administered in the study.  

Form 1 Form 2 Form 3 Form 4 

Anchor items common across all forms 10A 10A 10A 10A 

Anchor items on alternate forms 5A 5B 5A 5B 

Previously administered drawn items (Group 1) 5 5 5 5 

Photograph clone of previously administered drawn items (Group 2) 5 5 5 5 

Newly developed drawn items (Group 3) 5 5 5 5 

Newly developed photographed items (Group 4) 5 5 5 5 

Total Items 35 35 35 35 
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Figure 1.  Example of drawn and photographed picture item format.  

  
Response options: sing; cry; sit; catch 

 

 
The estimated word difficulty was considered when words were selected for each newly developed item. Although attempts were made to 
make all parts of speech similarly difficult, overall, the adjectives were the hardest, with a mean difficulty of 269L, followed by the verbs (231L), 
and nouns (204L) (Elmore, Bowen, Graves, & Fitzgerald, 2015). 
 
Students were randomly assigned to one of the four forms through an online assessment tool. Each of the four forms was administered to 117 
participants. Of the 468 participants, 12 students were removed due to missing data, leaving 456 students in the final sample. 
 
Measures  
The Lexile® Framework for Reading is a scientific way to match readers with text using the same developmental scale. Lexile text measures 
(Stenner, H. Burdick, Sanford, & D.S. Burdick, 2007) are measures of text complexity based on semantic and syntactic factors. Independent 
psychometric studies of the Lexile scale indicate that it is a valid and reliable measure of reading ability and text complexity (Mesmer, 2008; 
White & Clement, 2001). A Lexile measure is the numeric representation of an individual’s reading ability or a text’s complexity (or, difficulty) 
followed by an “L” (for Lexile). Lexile measures range from below 0L for beginning readers and beginning reader texts to above 1600L for 
advanced readers and texts. Extensive information about the development of The Lexile Framework for Reading can be found in the “Research 
and Publications” section of the Lexile website (www.Lexile.com/research-and-publications). Lexile measures were used for all analyses, and 
empirical difficulties calibrated to the Lexile scale were used to compare the variables being investigated in the study. 

 

ANALYSES 

 
All items were analyzed using Winsteps (Linacre, 2014). First, empirical difficulties were calibrated for all picture items and placed on the Lexile 
scale using the Lexile measures of the linking items. Once items were placed on the Lexile scale, the difficulties of the drawn picture and 
photographed picture items were compared to investigate any differences in their difficulties. Specifically, the correlation between drawn 
picture and photographed picture items and differences in the group difficulties were examined. The impact of part of speech on the difficulties 
of the picture items was also investigated by examining the correlations and group differences in empirical difficulties. A mixed-design ANCOVA 
was conducted with part of speech as the fixed effect and the picture format as the random effect, while controlling for word difficulty.  

 

RESULTS & DISCUSSION 

 

The first set of analyses examined the form comparability and adequacy of the link to the Lexile Framework. Overall, the forms performed very 

similarly with average raw scores ranging between 22 and 24 (out of 35 possible) and standard deviations ranging from 7.00 to 8.52. 

Cronbach’s alpha reliabilities ranged from 0.89 to 0.93 across the four forms. The correlation between the known linking-item difficulties and 

the empirically-estimated anchor-item difficulties for the 20 anchor items was r = 0.83. This provides evidence that the newly estimated picture 

items can be calibrated to the Lexile scale using the known difficulties of the anchor items. 

Figure 2 provides a scatter plot of the empirical difficulties for drawn and photographed picture items. The item’s part of speech is indicated by 

the shape of the point: circles are adjectives, plus signs are nouns, and squares are verbs. A strong correlation, r = 0.90, was observed between 

the drawn and photographed picture items, which suggests that the ordering of difficulty is not greatly impacted by the picture format. 

However, Figure 2 shows that more items appear above the identity line, which indicates that the majority of the picture items were estimated 

to be more difficult than the corresponding drawn items. Additionally, the adjective items were most difficult, followed by the verb items, with  

http://www.lexile.com/research-and-publications
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the noun items being the easiest. This result corresponds with the word difficulty estimates identified when creating the items.  

The mixed-design ANOVA controlling for word difficulty was used to further examine differences in the picture item formats and parts of 

speech. The interaction between picture format and part of speech was not significant (F2, 37 = 2.48, p = .10). This suggests that part of speech 

does not significantly impact the difficulties based on item picture format. Moreover, the main effect for part of speech was not significant (F2, 

36 = 2.43, p = .10). Finally, a significant difference in the item picture format was detected (F1, 37 = 6.56, p = .01). This finding suggests that, after 

controlling for word difficulty, the difference in item difficulty is only affected by the picture format—with the photographed picture items 

tending to be slightly more difficult. 

Figure 2.  Scatter plot of the empirical difficulties for photographed and drawn picture item types. 

 

Further examination of the cloned drawn and photographed picture items explored possible causes of the differences in performance. The 

items shown in Figure 1 provide an example of a cloned item set; the photographed picture item was 159L more difficult than the drawn 

picture item. Although the basic picture is very similar in the two items, close examination of the background details in the photographed 

picture item reveal elements such as a foot, pine needles, and textured ground that could contribute to construct irrelevant variance in the 

item. In addition, the photograph does not have the drawn motion lines next to the ball that signal movement to the student. Although a 

photograph is more realistic, test developers may be paying a penalty for this realism by introducing construct irrelevant variance that can be 

avoided in a drawn picture. In conclusion, this study suggests that some performance differences are present between picture item formats. 

However, given the scope of the study, additional research should be conducted in order to understand the generalizability of the 

comparability, or lack thereof, between drawn and photographed picture items. 
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For more information, visit www.MetaMetricsInc.com.  
 
MetaMetrics® is focused on improving education for students of all ages. The organization develops scientific measures of 
academic achievement and complementary technologies that link assessment results with instruction. For more than twenty 
years, MetaMetrics’ work has been increasingly recognized worldwide for its distinct value in differentiating instruction and 
personalizing learning. Its products and services for reading, mathematics and writing provide valuable insights about 
academic ability and the potential for growth, enabling students to achieve their goals at every stage of development. 
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