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Table S1.  Demographic breakdown of the Fall 2021 sections. 
 

Category n Percentage 
First Generation 140 23% 

non-First Generation 456 77% 
White 387 65% 

Hispanic/Latino 107 18% 
Black or African American 23 4% 

Native Hawaiian or Other Pacific Islander 0 0% 
Asian 50 8% 

American Indian or Alaska Native 0 0% 
Two or More Races 16 3% 

International 3 1% 
Unknown 10 2% 

Male 260 44% 
Female 336 56% 

College: Arts & Sciences 137 23% 
College: Engineering 184 31% 

College: Health Sciences 270 45% 
College: Other 5 1% 
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Table S2.  Fit indices from confirmatory factor analysis of the ASCIv2 data using AMOS v29.65,66 

Description χ2/df RMSEA 
(< 0.08)67 

SRMR 
(< 0.1)68 

CFI  
(> 0.90) 

GFI  
(> 0.90) 

IFI  
(> 0.90) 

NFI  
(> 0.90) 

Two-factor Model 
All sections 
(N = 518) 

5.18 0.090 0.056 0.91 0.95 0.91 0.89 

Two-factor Model 
Quiz-retake section 

(N = 166) 
1.29 0.042 0.043 0.98 0.97 0.98 0.92 
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Table S3.  Fit indices from confirmatory factor analysis of the CSCI data using AMOS v29.65,66 

Description χ2/df RMSEA 
(< 0.08)67 

SRMR 
(< 0.1)68 

CFI  
(> 0.90) 

GFI  
(> 0.90) 

IFI  
(> 0.90) 

NFI  
(> 0.90) 

Five-factor Model 
All sections 
(N = 509) 

3.57 0.071 0.082 0.80 0.78 0.80 0.75 

Five-factor Model 
Quiz-retake section 

(N = 165) 
1.97 0.077 0.099 0.78 0.70 0.79 0.64 
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Table S4.  Correlations among Measures in the quiz-retake general chemistry I section. 
 

 
Legend: M0-M7 = measures described in detail in the text, Qavei = initial Quiz average, Qaver = Quiz average 
considering retakes, Qdiff = difference in Quiz average, Nretakes = number of retakes, Midterm = Midterm exam 
average, Final = Final exam average, Overall = overall course average. 
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Table S5.  Correlations among Measures in the quiz-retake general chemistry II section. 
 

 
Legend: M0-M7 = measures described in detail in the text, Qavei = initial Quiz average, Qaver = Quiz average 
considering retakes, Qdiff = difference in Quiz average, Nretakes = number of retakes, Midterm = Midterm exam 
average, Final = Final exam average, Overall = overall course average. 
 
  



 S7 

Table S6.  Group statistics for the general chemistry I retake comparison.  Key: Group Q1nr are students 
who failed at least one quiz but did not opt for a retake, while Q1r are those students who failed at least 
one quiz and opted for a retake. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Item Group n Mean (SD) 
M0 Q1nr 27 6.04 (1.56) 

 Q1r 36 5.17 (2.08) 
M00 Q1nr 27 2.76 (0.78) 

 Q1r 36 2.46 (0.78) 
M1 Q1nr 26 2.31 (0.54) 

 Q1r 36 2.36 (0.67) 
M2 Q1nr 26 3.31 (0.62) 

 Q1r 36 3.30 (0.73) 
M3 Q1nr 25 3.73 (0.73) 

 Q1r 36 3.41 (0.84) 
M4 Q1nr 25 2.95 (0.78) 

 Q1r 36 3.05 (0.68) 
M5 Q1nr 25 3.50 (0.55) 

 Q1r 36 3.65 (0.61) 
M6 Q1nr 25 3.88 (0.59) 

 Q1r 36 4.08 (0.78) 
M7 Q1nr 25 3.21 (1.00) 

 Q1r 36 3.79 (0.74) 
Qave (initial) Q1nr 27 72.8 (8.8) 

 Q1r 36 70.0 (11.1) 
Qave (final) Q1nr 27 72.8 (8.8) 

 Q1r 36 75.0 (10.7) 
Midterm Exam Q1nr 27 75.0 (13.3) 

 Q1r 36 73.0 (12.2) 
Final Exam Q1nr 27 62.3 (17.8) 

 Q1r 36 63.7 (18.6) 



 S8 

Table S7.  Group Statistics for the general chemistry II retake comparison.  Key: Group Q1nr are 
students who failed at least one quiz but did not opt for a retake, while Q1r are those students who failed 
at least one quiz and opted for a retake. 
 
 

  Item Group n Mean (SD) 
M0 Q1nr 42 4.57 (1.75) 

 Q1r 39 5.00 (1.85) 
M00 Q1nr 42 0.46 (0.18) 

 Q1r 39 0.48 (0.19) 
M1 Q1nr 42 2.43 (0.59) 

 Q1r 36 2.29 (0.67) 
M2 Q1nr 42 3.19 (0.74) 

 Q1r 36 3.30 (0.59) 
M3 Q1nr 41 3.45 (0.72) 

 Q1r 36 3.35 (0.63) 
M4 Q1nr 41 3.04 (0.55) 

 Q1r 36 3.24 (0.67) 
M5 Q1nr 41 3.52 (0.59) 

 Q1r 36 3.76 (0.44) 
M6 Q1nr 41 3.48 (0.54) 

 Q1r 36 3.88 (0.41) 
M7 Q1nr 41 3.27 (0.65) 

 Q1r 36 3.40 (0.75) 
Qave (initial) Q1nr 42 72.7 (8.3) 

 Q1r 39 74.4 (10.0) 
Qave (final) Q1nr 42 72.7 (8.3) 

 Q1r 39 78.8 (9.4) 
Midterm Exam Q1nr 42 67.6 (15.3) 

 Q1r 39 67.3 (16.4) 
Final Exam Q1nr 42 59.4 (18.4) 

 Q1r 39 66.7 (14.1) 
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Table S8.  Paired t-test results for female students across general chemistry I and II courses for 
the quiz-retake sections. 

Item Group n Mean (SD) t statistic p value  
(two tailed) Cohen’s d 

M1 GC II -GC I 52 0.20 (0.62) 2.32 0.024 (n.s.) … 
M2 GC II -GC I 52 0.13 (0.61) 1.54 0.13 (n.s.) … 
M3 GC II -GC I 52 –0.03 (0.41) –0.53 0.60 (n.s.) … 
M4 GC II -GC I 52 0.28 (0.56) 3.56 < 0.001 0.50 
M5 GC II -GC I 52 0.01 (0.46) 0.09 0.93 (n.s.) … 
M6 GC II -GC I 52 –0.44 (0.45) –7.10 < 0.001 0.98 
M7 GC II -GC I 52 –0.09 (0.58) –1.11 0.27 (n.s.) … 

 
 
Table S9.  Paired t-test results for male students across general chemistry I and II courses for the 
quiz-retake sections. 

Item Group n Mean (SD) t statistic p value  
(two-tailed) Cohen’s d 

M1 GC II -GC I 42 0.24 (0.56) 2.73 0.009 0.42 
M2 GC II -GC I 42 0.11 (0.72) 1.02 0.31 (n.s.) … 
M3 GC II -GC I 41 –0.24 (0.52) –2.89 0.006 0.45 
M4 GC II -GC I 41 0.11 (0.59) 1.14 0.26 (n.s.) … 
M5 GC II -GC I 41 –0.13 (0.41) –2.03 0.049 (n.s.) … 
M6 GC II -GC I 41 –0.55 (0.54) –6.62 < 0.001 1.03 
M7 GC II -GC I 41 –0.09 (0.71) –0.77 0.45 (n.s.) … 
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Table S10.  Paired t-test results for general chemistry I group Q1r students across general 
chemistry I and II courses for the quiz-retake sections. 

Item Group n Mean (SD) t statistic p value  
(two-tailed) Cohen’s d 

M1 GC II -GC I 16 0.21 (0.77) 1.08 0.30 (n.s.) … 
M2 GC II -GC I 16 –0.43 (0.73) –2.35 0.033 (n.s.) … 
M3 GC II -GC I 16 –0.31 (0.60) –2.04 0.06 (n.s.) … 
M4 GC II -GC I 16 –0.06 (0.65) –0.36 0.73 (n.s.) … 
M5 GC II -GC I 16 –0.27 (0.43) –2.55 0.022 (n.s.) … 
M6 GC II -GC I 16 –0.57 (0.60) –3.76 0.002 0.94 
M7 GC II -GC I 16 –0.26 (0.63) –1.69 0.12 (n.s.) … 

 
 
Table S11.  Paired t-test results for general chemistry I group Q1nr students across general 
chemistry I and II courses for the quiz-retake sections. 

Item Group n Mean (SD) t statistic p value  
(two-tailed) Cohen’s d 

M1 GC II -GC I 11 0.32 (0.52) 2.02 0.07 (n.s.) … 
M2 GC II -GC I 11 0.16 (0.70) 0.75 0.47 (n.s.) … 
M3 GC II -GC I 10 –0.21 (0.46) –1.44 0.18 (n.s.) … 
M4 GC II -GC I 10 0.21 (0.55) 1.20 0.26 (n.s.) … 
M5 GC II -GC I 10 –0.27 (0.27) –3.07 0.013 (n.s.) … 
M6 GC II -GC I 10 –0.51 (0.37) –4.39 0.002 1.39 
M7 GC II -GC I 10 0.08 (0.73) 0.33 0.75 (n.s.) … 
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Figure S1. Evolution in assessment strategy over time. 
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 Figure S2. AMOS v29 path diagram with standardized estimates for the ASCIv2 CFA, using data from all 
sections.  The factors correspond to intellectual accessibility (F1) and emotional satisfaction (F2). 
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Figure S3. AMOS v29 path diagram with standardized estimates for the CSCI CFA, using data from all sections.  
The factors correspond to mathematical self-concept (MSC), chemistry self-concept (CHSC), academic self-
concept (ASC), academic enjoyment self-concept (AE), and creativity self-concept (CSC). 
 

 
 
 


