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Research Goals

Researchers and practioners routinely us the normalized gain (g),
also known as Hake’s Gain®, to evaluate the effectiveness of instruc-
tion. Recently, concerns were raised about this metric because it implic-
itly assumes there is no loss (nobcorrect pre-test responses become in-
correct after instruction). Dellwo™ proposes two alternative metrics to g
for measuring conceptual change: Gain (G) and loss (L).
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The relative number of transi-
tions for each of the four cat-
egories is shown. The percent-
age of answers changed from
right to wrong, while small (3%),
IS not zero as Hake’s gain as-

We use five years of introductory physics students’ responses to sumes.

the Force Concept Inventory (FCI)C to study the difference between

the normalized gain and the new metrics. We determine the extent Quartile g Average L

to which losses occur so that we may determine whether g provides 1 0.0.4 129,

misleading data regarding the conceptual gain that is taking

place. Because Peer Instruction was implemented in these classes, 2 0.41-0.62 %

we ultimately intend to determine whether the reported increased 3 0.63-0.8 4%

effectiveness of the physics instruction is confirmed by 4 0.81-1.0 1% FCI Average Transitions 1991-1996

both metrics.

Hake's gain, G and L

To illustrate the role of losses we define four possible transitions that can

Students with lower Hake’s gains (first two quartiles) show a much higher
percentage of losses than students with higher Hake’s gains (last two

occur between a pre-test and a post-test. quartiles).

G Is normalized with respect to the potential gain, and L is normalized
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with respect to the potential loss. However, in g, both the gain and loss

are normalized with respect to the potential gain. Hake’s gain implicitly
assumes that the loss is zero. However, if this assumption is incorrect

and RW=>0, then Hake's gain contains a term that has no meaning.

Method

The FCI was administered at the beginning and end of the term during
the first five years that Peer Instruction was being developed at Harvard
University. The total student population size was N = 858. For each
year of data, we recorded the number of transitions (RR, RW, WW,
WR) for each student. From this, g, G and L were calculated for each
student and yearly averages were calculated.

This plot highlights the fact that Hake’s gain is a good approximation
of G-L at higher levels of g (when gain necessarily outweighs loss).
A majority of the scatter occurs below the linear regression trend.

For this particular student population, Hake's gain is generally smaller
than G-L.

Conclusion

Using FCI data from Harvard University, we have shown that

losses can be significant, especially for segments of the population
whose Hake’s gain is low. While determining both the G and

L metrics is more computationally intense, they provide a more accurate
depiction of conceptual change, particularly for populations

whose Hake’s gain is lower than 0.5. We will continue this analysis

by comparing different student populations and pedagogies using
G and L.
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