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Description of the Construct 
One’s innovation stance is characterized by their comfort taking risks, appreciation of new ideas, 
entrepreneurial spirit and desire to do something different or unique. Collectively, these define the learner’s 
perspective and relationship to innovation in STEM fields, and contribute to the learner’s perspective about the 
role of failure in the process of innovation. Intellectual risk taking is positively related to interest in science and 
creative self-efficacy (Beghetto, 2009). Further, a person’s belief in their ability to successfully launch an 
entrepreneurial venture has demonstrated efficacy in differentiating innovators and company founders from 
workplace managers (Chen et. al., 1998). This concept has been modified to the maker context (McGee et al, 
2009) and is theorized to be critical in identifying future STEM innovators. Accordingly, learners’ with strong 
stances toward innovation are more likely to perceive their endeavors as successful, persist when frustrated, 
and be more creative in design projects.  
 
Intended Uses of the Instrument 
The STEM Learning Activation survey is designed for 10-14 year-old respondents. The STEM Innovation Stance 
scale of the STEM Learning Activation survey is to measure an individual’s STEM Innovation Stance at the time 
the survey responses are collected. The construct is conceived as semi-malleable and therefore is amenable to 
intervention. However, changes in scale scores are not expected to occur due to single hour-long 
experience/intervention.  In longitudinal study contexts, such as repeated measures over longer periods of time, 
a minimum of weeks between pre- and post-administrations is suggested. The survey is not intended for high-
stakes decisions about students (e.g., pass/fail decisions, admission decision to a program) or programs (e.g., 
accountability).  

How to Score  
The STEM Learning Activation survey is designed to be constructed and calibrated under the Rasch measurement 
model—the Partial Credit model (PCM; Masters, 1982).   Statistical or programing programs, such as Winsteps 
(Linacre, 2016), ConQuest (Adams, Wu, & Wilson, 2015), WinBUGS (Lunn, Spiegelhalter, Thomas, & Best, 2009), 
PARSCALE (Muraki & Bock, 2003), and the R packages eRm (Mair & Hatzinger, 2007) and TAM (Kiefer, Robitzsch, 
& Wu, 2016), are available for model estimation. In the Rasch measurement model, the probability of getting a 
response is specified as a logistic function of the person and item parameters. Basically, the Rasch measurement 
model calibration is used here mainly to inform the measurement quality and effectiveness of the STEM Learning 
Activation instrument. For score interpretation, a simple strategy for those who are not test developers or who 
are applied practitioners is to use raw scores—a summation or an average score of the STEM Innovation Stance 
(i.e., an average or a sum score of all 12 items). While using a summation or an average score of the STEM 
Innovation Stance for interpretation, it is noted that the contribution of each item to the latent trait (i.e., STEM 
Innovation Stance) is assumed to be equal which is unlikely to be true; and that variations of an average score is 
limited.  Also, no or few missing data is always desirable; and a prevalence of missing data issue should be handled 
prior to analysis.  

Analytical Options 
Both Rasch ability parameter estimates or raw scores can be treated as a continuous variable. Depending on 
researchers’ and evaluators’ different research interests, comparison tests (e.g., t-test, ANOVA), correlation 
analyses, or predication modeling (e.g., regression model, structural equation model [SEM]) can be further 
conducted with various scenarios.   

Scale Construction  

Calibration Model 
As aforementioned, the STEM Learning Activation survey is originally constructed and calibrated under PCM 
(Masters, 1982). The rationale is that response option formats varies across four subscales in the STEM Learning 
Activation scale. The PCM is adequate for the STEM Learning Activation survey because it releases the restriction 
of equal threshold distance across all items which is held for Rating Scale Model (RSM). Empirically, a likelihood 
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ratio test comparison between PCM and RSM also indicates that PCM provides better fit than RSM (i.e., LR statistics 
= 43.38, df = 22, p < .05).    

Survey Questions 
The STEM Innovation Stance scale has 12 items, with response options from 1 (NO!) to 4 (YES!).  

Item ID Prompt Response Options and Coding 

IS01  I like making new things even if I am not very good at it 4=YES!; 3=yes; 2=no; 1=NO! 

IS02  I share my design ideas even if I am not sure they will work 4=YES!; 3=yes; 2=no; 1=NO! 

IS03  I try to find new ways of doing things even if they might not work out 4=YES!; 3=yes; 2=no; 1=NO! 

IS04  I try to learn new things even if I might make mistakes 4=YES!; 3=yes; 2=no; 1=NO! 

IS05  I have a lot of creative ideas about how to make new things 4=YES!; 3=yes; 2=no; 1=NO! 

IS06  I know I think differently than other people 4=YES!; 3=yes; 2=no; 1=NO! 

IS07  I often come up with ideas no one else has 4=YES!; 3=yes; 2=no; 1=NO! 

IS08  I like to use materials in ways they have never been used before 4=YES!; 3=yes; 2=no; 1=NO! 

IS09  I like to figure out new ways of doing things 4=YES!; 3=yes; 2=no; 1=NO! 

IS10  I find new ways to solve problems 4=YES!; 3=yes; 2=no; 1=NO! 

IS11  I like to make things no one has ever seen before 4=YES!; 3=yes; 2=no; 1=NO! 

IS12  I have a good imagination when working on projects 4=YES!; 3=yes; 2=no; 1=NO! 

 

Psychometric Properties 
To examine the measurement quality of the STEM Innovation Stance Scale, the fit assessment includes checking 
unidimensionality assumption, item characteristics, as well as PCM model-level and item-level fit statistics.  
Analyses are based on a total sample of 204 middle school youth.   

Unidimensionality (Construct Validity) 
The STEM Innovation Stance items are presumed to measure essentially only one latent trait— STEM Innovation 
Stance.  A confirmatory factor analysis (CFA) with WLSMV estimator (i.e., an estimator for modeling categorical 
or ordinal data) was conducted to assess the unidimensionality assumption. The purpose is to know whether the 
set of 12 items measure what it purports to measure.   

Results of all CFA model fit indicators meet the criteria (see Hu & Bentler, 1999), indicating that data well fit the 
one-factor model (i.e., χ2 = 38.802, df = 54, p = 0.941; Comparative Fit Index [CFI]>=0.95; Tucker-Lewis Index [TLI] 
>=0.95; Root Mean Square of Approximation [RMSEA] <=0.06, Standardized Root Mean Square Residual [SRMR] 
=0.055).  All of 12 items generate significantly positive factor loadings to the factor, ranging from 0.686 to 1.124 
(p < .05).  

Descriptive statistics 
Table 1 is item-level descriptive statistics, including the number of observed samples; and mean, standard 
deviation (SD), and median of each item.  There are 203 to 204 cases for each of the items (i.e., only one missing 
value for item 1 and item 9), with mean values ranging from 3.16 to 3.44. Table 2 gives the frequency for response 
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options for each of the items. There are more observations for response options 4 (YES!), 3 (yes), and 2 (no); and 
fewer for response option 1 (NO!).  

Item characteristics 
Figure 1 is item characteristic curve (ICC) plots for each of the items, and Figure 2 is a person-item map.  In the 
Rasch measurement model, item and ability parameters are on the same scaling continuum. The PCM allows for 
different category distances across items (see Figure 1 and Figure 2). These 12 items have varying difficulty levels 
and are displayed in order of difficulty in Figure 2 (i.e., ordered from the easiest [item 6] to the most difficult [item 
8] for students to endorse “YES!”). The higher item categories are observed to be chosen by students with stronger 
“yes” abilities (see Figure 2).  

Model level fit  
Infit is the weighted fit index, which is sensitive to irregular response patterns to items that are close to a person’s 
ability level; and outfit is the unweighted fit index, which is sensitive to unexpected response patterns to items 
with difficulty away from a person’s ability level (Linacre, 2002).  Mean-square statistics (MNSQ) are chi-square 
statistics divided by degree of freedom (Linacre, 2002).   

Overall, data are consistent with the Partial Credit Model (i.e., INFIT MNSQ = 0.93; OUTFIT MNSQ = 0.95), 
indicating a productive measurement (i.e., MNSQ values are between 0.5 and 1.5; see Linacre, 2002). The 
reliability of the STEM Innovation Stance scale is great (i.e., Cronbach’s alpha = 0.90; polychoric alpha = 0.93), 
indicating that this scale is creating a well-defined latent trait—STEM Innovation Stance.  

Item level fit 
Infit and outfit mean-square statistics for 12 items are acceptable (see Table 3), ranging between 0.71 and 1.37, 
which indicates productive of measurement (see Linacre, 2002).  
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 N Mean SD Median SE 

IS1 203 3.38 0.76 4 0.05 

IS2 204 3.28 0.77 3 0.05 

IS3 204 3.34 0.65 3 0.05 

IS4 204 3.42 0.67 4 0.05 

IS5 204 3.39 0.77 4 0.05 

IS6 204 3.37 0.71 3 0.05 

IS7 204 3.16 0.75 3 0.05 

IS8 204 3.17 0.8 3 0.06 

IS9 203 3.32 0.7 3 0.05 

IS10 204 3.2 0.77 3 0.05 

IS11 204 3.3 0.8 3 0.06 

IS12 204 3.44 0.75 4 0.05 

 

Table 2 Response Options Frequency 

 NO! no yes YES! 

IS1 3% 8% 36% 52% 

IS2 2% 14% 39% 46% 

IS3 1% 7% 49% 43% 

IS4 1% 6% 42% 51% 

IS5 3% 9% 35% 53% 

IS6 1% 10% 39% 50% 

IS7 1% 17% 47% 35% 

IS8 2% 18% 41% 39% 

IS9 1% 9% 46% 43% 

IS10 2% 14% 45% 39% 

IS11 3% 13% 36% 49% 

IS12 2% 8% 32% 57% 
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Table 3 Item level fit statistics 

 Outfit (Unweighted) Infit (Weighted) 

 MNSQ t MNSQ t 

IS1 0.86 -0.98 0.84 -1.39 

IS2 0.96 -0.32 0.97 -0.25 

IS3 0.93 -0.6 0.92 -0.64 

IS4 0.80 -1.57 0.84 -1.38 

IS5 0.91 -0.59 0.85 -1.35 

IS6 1.28 2.04 1.21 1.9 

IS7 1.37 3.22 1.29 2.65 

IS8 0.79 -2.06 0.81 -1.89 

IS9 0.83 -1.53 0.81 -1.78 

IS10 1.07 0.68 1.03 0.32 

IS11 0.82 -1.43 0.87 -1.2 

IS12 0.73 -1.79 0.71 -2.63 
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Figure 1 Item Characteristic Curve 
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Figure 2 Person-Item Map 
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