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Standardized Conceptual Learning Assessments (SCLAs) measure 

individuals’ conceptual understanding using distractor-driven multiple-choice 

items. Concentration analysis (CA), a quantitative technique that evaluates 

the concentrations of each item’s response distribution allowing researchers 

to determine how many models are triggered by each item [1], and can be 

utilized to help establish the validity of distractor driven items [2]. As part of 

the development of the Fluids Conceptual Evaluation (FCE), a distractor-

driven two-tier multiple-choice evaluation instrument, the authors evaluated 

the concentration factors of a set of responses from the FCE’s preliminary 

pilot test results. Results of this analysis show how many different mental 

models are triggered by each item’s first tier. This paper demonstrates how 

the use of CA verifies recommended models, and suggests a similar model 

structure for concentration deviation. Recommendations for future use of 

concentration analysis will be made accordingly. 
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Initial Conclusions

• Most items fit within S-C model types [1]

– Other items in “between-model” state

• S- graph: most items also fit S-C model types

– Lower S = higher overlap with Fig. 1

– Moderate and high scores: S- graph more 

useful as separate measure

• p-prims [3] clearly identified with low-S, high-C/ 

items (strong distractor choice)
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- Distractor-driven assessments: context may depend on 

respondent interpretation 

- Concentration analysis (CA) [1, 2]: goes beyond score 

(correct vs. incorrect) to examine patterns of student 

responses

- E.g. incorrect answer patterns suggest p-prims [3]

- Fluids Conceptual Examination (FCE), beta version: 59 

items grouped in 10 fluid dynamics constructs

- Two-tier format for items: 1st tier = standard MC, 2nd tier 

asks for reasoning on 1st tier 

- (Focus on 1st tier only here)

- Long-term goals: Assist IPLS instructors with introducing 

fluids topics; determine CA’s role in developing SCLAs

Research questions:

1. Does CA detect similar patterns for FCE items as with 

prior literature? [1]

2. How do S- models look with respect to S-C models? 

3. What items can be featured as a preliminary example?
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FIG. 1: Score-concentration factor (S-C) plot for items in Table 1. FIG. 2: Score-concentration deviation (S-) plot for Table 1 items.

TABLE I: Number of responses (N), number of item choices (m), score (S), concentration factor (C), concentration deviation (), S-C type (S-C), and S- type (S-) 

for each of the 59 preliminary items for the FCE within the student sample. Based on recommended scales [1,2], “high” values (H) are in bold, “medium” values (M) 

are in normal font, and “low” values (L) are in italics. The patterns for L, M, and H values are presented in the S-C row in the form of “S level, C level,” and similarly 

for the S- row in the form of “S level,  level.”

Item 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N 41 39 39 37 42 41 37 40 43 40 42 41 35 38 37

m 8 4 4 4 7 4 4 7 4 8 4 4 11 4 7

S 0.88 0.62 0.18 0.59 0.31 0.39 0.62 0.53 0.40 0.15 0.17 0.46 0.09 0.74 0.68

C 0.82 0.34 0.58 0.30 0.38 0.16 0.36 0.35 0.16 0.08 0.38 0.18 0.12 0.54 0.51

G 0.24 0.27 0.85 0.16 0.61 0.29 0.37 0.32 0.29 0.10 0.54 0.25 0.14 0.59 0.13

S-C H,H M,M L,H M,M L,M L,L M,M M,M L,L L,L L,M M,L L,L H,H M,H

S- H,M M,M L,H M,L L,H L,M M,M M,M L,M L,L L,H M,M L,L H,H M,L

Item 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

N 38 38 39 39 40 39 42 41 40 37 39 42 39 40 42

m 4 4 4 8 5 8 4 5 4 7 4 4 4 5 4

S 0.26 0.21 0.56 0.36 0.50 0.15 0.74 0.15 0.18 0.41 0.49 0.40 0.72 0.28 0.12

C 0.12 0.21 0.29 0.32 0.24 0.09 0.51 0.12 0.10 0.20 0.20 0.17 0.48 0.26 0.60

G 0.21 0.34 0.32 0.47 0.17 0.11 0.17 0.16 0.13 0.17 0.25 0.32 0.20 0.44 0.75

S-C L,L L,M M,M L,M M,M L,L H,H L,L L,L M,M M,L M,L H,M L,M L,H

S- L,M L,M M,M L,M M,L L,L H,L L,L L,L M,L M,M M,M H,L L,M L,H

Item 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

N 38 38 38 40 36 41 42 43 41 38 39 40 43 35 45

m 4 9 4 6 6 8 7 5 4 4 4 6 9 7 5

S 0.55 0.26 0.71 0.28 0.22 0.17 0.55 0.53 0.71 0.45 0.51 0.25 0.12 0.31 0.24

C 0.29 0.16 0.48 0.13 0.22 0.09 0.34 0.34 0.47 0.20 0.25 0.26 0.13 0.10 0.13

G 0.38 0.19 0.37 0.19 0.33 0.12 0.10 0.47 0.19 0.35 0.36 0.40 0.16 0.07 0.22

S-C M,M L,L H,M L,L L,M L,L M,M M,M H,M M,M M,M L,M L,L L,L L,L

S- M,M L,L H,M L,L L,M L,L M,L M,M H,L M,M M,M L,M L,L L,L L,M

Item 46 47 48 49 50 51 52 53 54 55 56 57 58 59

N 34 34 44 36 37 38 40 40 38 36 40 39 39 41

m 7 6 7 4 4 4 4 5 4 5 5 4 8 7

S 0.38 0.47 0.27 0.58 0.05 0.26 0.10 0.58 0.63 0.64 0.58 0.54 0.21 0.34

C 0.21 0.26 0.25 0.32 0.69 0.08 0.76 0.38 0.38 0.42 0.37 0.33 0.12 0.15

G 0.22 0.23 0.37 0.40 0.74 0.15 0.94 0.49 0.41 0.28 0.42 0.64 0.16 0.15

S-C L,M M,M L,M M,M L,H L,L L,H M,M M,M M,M M,M M,M L,L L,L

S- L,M M,M L,M M,M L,H L,L L,H M,M M,M M,M M,M M,H L,L L,L

- Data collection (de-identified): 259 respondents from 3 

institutions, each respondent assigned 8 two-tier items 

randomly (1 preliminary round)

- Concentration factor C [1,4]: Distribution of all choices 

(correct and incorrect), 0 = even distribution, 1 = 

everybody picked the same answer
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- Concentration deviation  [1]: Distribution of incorrect 

choices only, 0 = randomized distribution, 1 = all incorrect 

responses were the same choice
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- N = # of total responses for item; m = # of item choices; 

ni = # of respondents picking ith choice 

- S-C and S- curve classifications [2, 5]:

- Score (S): Low (< 0.4), Medium (0.4 – 0.7), High ( > 0.7)  

- C and : Low ( < 0.2), Medium (0.2 – 0.5), High ( > 0.5) 

Future Work

• Does this analysis work for Tier 2 items?

– Tier 2 responses depend on Tier 1 responses

• Closer look within each construct: find minimum 

orthonormal set of items

• Eventually finalize FCE to approximately 30 items

• Eqns. 1-2: Tweak for varying m to fix Cmin, Cmax

• Key difference from Refs. 1, 2: number of choices 

(m) differs between items

• Table 1: How do 59 items fit prescribed S-C 

model types?

– 28 items in “two-model” type 
• 19 items: correct answer + 1 distractor

• 9 items: 2 distractors

– 17 items in “non-model” type (3+ choices)

– 7 items in “one-model” type
• 4 items: correct answer dominant

• 3 items: specific distractor dominant

– 7 items in between model types

• Fig. 1: Cmax, Cmin bounds [1] not as well-defined due 

to unequal m values

• Fig. 2: S-C model types seem to work for S-
– Differences:  decoupled from correct responses
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