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Rationale

Research Question

Methods

Assessing Reliability of the Data

Assessing Validity of the Data

Rasch Analysis

What evidence exists for the validity and reliability of the data 
produced by the ASK-GCP instrument?
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Group N Ave. SD Range KR-20 Ferguson’s δ

G-OC 85 18.5 2.4 0 - 24 0.496 0.904

OC 61 12.8 4.2 0 - 19 0.786 0.948

GC 302 10.9 4.4 0 - 21 0.789 0.972

OC & GC 363 11.0 4.5 0 - 21 0.792 0.972

❖ 24 true-false items selected from list of 72

❖ Administered via Qualtrics

❖ Piloted in organic chemistry course which 
taught about green chemistry (G-OC)

❖ Revised version administered in general 
(GC) and organic chemistry (OC) courses

❖ Administered 4 times to students enrolled 
in majors’ organic chemistry laboratories I 
and II

❖ External organic chemistry faculty surveyed 
for relevance of items to their instruction

Internal consistency

❖ Assessed by calculating the KR-20 values for each group.

❖ Since greater than 0.7 for OC, GC, and GC&OC, determined to have high internal reliability.

Test-Retest Reliability

❖ Data collected from students enrolled in both a majors’ organic chemistry I and II laboratory 
(N = 14) using scores from ASK-GCP taken before and after winter break.

❖ Pearson’s correlation between scores was calculated.

❖ Indicated that the scores were strongly correlated, thus providing evidence for the temporal 
stability of the scores.

Content Validity

❖ Evaluated by 10 organic chemistry instructors who were 
independent from the instrument development team.

❖ Scale content validity index (0.67) was computed as an 
average of proportions of experts indicating that an item 
was either quite or highly relevant.

❖ Scale relevancy index (0.97) is an average of proportions 
indicating that an item was either somewhat, quite, or 
highly relevant. 

❖ Concluded instrument was relevant to organic instruction 
in a variety of instructional settings, warranting its use to 
assess green chemistry knowledge.

Convergent Validity

❖ Calculated the Pearson correlation for scores obtained for 
ASK-GCP with their scores on an open-ended prompt by 
Armstrong et al.3 on a pre- and post-test.

❖ Pearson correlation indicated that there was a statistically 
significant moderate correlation between the two scores.

Construct Validity

❖ Scores of G-OC course (M = 18.51, SD = 2.40) and OC 
course (M = 12.84, SD = 4.2) were compared using an 
independent samples t-test.

❖ Cohen’s d (1.696) indicated on average student scores 
were higher by 1.7 standard deviations with green 
chemistry instruction.

Structural Validity

❖ Since all the questions were designed to measure green 
chemistry, the instrument should be unidimensional. 

❖ Conducted confirmatory factor analysis (CFA) using data 
collected from all three courses. 

❖ Scores for each of the two items for each principle were 
added and the combined score of 0, 1, or 2 for each of the 
twelve principles was assessed using CFA. 

❖ One-factor CFA model was found to exhibit a good fit: χ2

(54, N = 448) = 103.09 (p < .001), χ2/df = 1.91, CFI = 0.961, 
RMSEA = 0.045, SRMR = 0.037.

❖ All items exhibited statistical significance (p < 0.001) with 
nine of the GCPs exhibiting salience and remaining three 
GCPS are near salience, thus indicating that most are 
sufficiently measuring the construct of interest.

Instrument Sensitivity

❖ Administered four times to evaluate two green chemistry 
instructional interventions.5,6

❖ One-way repeated measures ANOVA was used to assess 
the statistical significance of the impact of the two 
interventions and the ability of the instrument to detect 
the change.

❖ Post-hoc analysis indicated significant differences 
between test 1 and each other exam.

❖ Lack of significance between other exams may be 
attributed to the smaller effect size due to prior exposure 
to the material.

Assessment N Ave. St. Dev. Range

ASK-GCP 38 17.6 4.2 1 - 24

“Greener” 

Reaction 
38 3.31 1.3 1 - 6
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Test # 1 2 3 4

N 15 15 14 14

Ave. 13.9 17.4 17.3 18.4

SD 3.9 2.3 3.3 2.7

Gain1 3.8 ± 4.4 1.0 ± 3.0

Hedges g 1.06 0.35

Item Analysis

Description of Instructional Interventions Used

❖ There are numerous examples of literature reports on how to teach green chemistry,1,2 but 
few reports of how to assess student knowledge of green chemistry.

❖ Thus, while there are frequent reports of how green chemistry activities were received by 
students, very few report the assessment of student cognitive outcomes.

❖ Our goal was to develop an instrument, the Assessment of Student Knowledge of Green 
Chemistry Principles (ASK-GCP), to measure student knowledge that can be rapidly 
administered and assessed. 

r(14) = 0.77, p = 0.0013

Descriptive Statistics

r(38) = 0.41, p = 0.0097

t(86) = 9.257, p < 0.001

Indicator
ASK-GCP Item 

Numbers

Standardized 

loading

GCP1 13, 17 0.354

GCP2 9, 2 0.418

GCP3 5, 4 0.510

GCP4 1, 20 0.417

GCP5 6, 15 0.481

GCP6 7, 3 0.388

GCP7 14, 8 0.401

GCP8 10, 21 0.377

GCP9 22, 12 0.298

GCP10 23, 24 0.459

GCP11 19, 16 0.282

GCP12 11, 18 0.255

F(3, 40) = 8.62, p = 0.0016 
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Item difficulty refers to the proportion of respondents who correctly answered the item. Items with high 
item difficulty values indicate easy items. Items with low difficulty values indicate more difficult items. 

Discrimination index refers to an item’s ability to distinguish between individuals without reference to an 
external criterion.4 Items with higher discrimination indexes have a greater percentage of high achieving 
students than lower achieving students answering the question correctly. 

❖ Rasch analysis allows for 
generalization to greater population.

❖ The general Rasch model equation 
expresses the probability of 
correctly answering an item, 
𝑃𝑛𝑖 𝑥 = 1 , as a function of the 
difference between a person’s 
ability, Bn, and item’s difficulty, Di.

𝑷𝒏𝒊 𝒙 = 𝟏 =
𝐞𝐱𝐩(𝑩𝒏 − 𝑫𝒊)

𝟏 + 𝐞𝐱𝐩(𝑩𝒏 − 𝑫𝒊)

❖ Item difficulty was found to 
approximately match student ability.

❖ False items were found to be more 
difficult than true items.

1While Gain 1 was statistically significant (p = 0.019), Gain 

2 was not statistically significant (p = 0.916).

Conclusions
❖ Instrument was found to provide reliable data through assessing internal consistency and temporal stability.

❖ Instrument was found to provide valid data through assessing content, convergent, construct and structural 
validity along with its sensitivity.

❖ Item analysis illustrated ability to differentiate groups based on green chemistry content knowledge.

❖ Rasch analysis illustrated the appropriateness of the item difficulties for use in distinguishing student ability.
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