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In-Class Incentives That Encourage Students to Take Concept Assessments Seriously

Pre/post concept assessment testing 
is becoming increasingly common 
in college courses. Instructors 
use different approaches to give 
assessments, but few studies have 
examined how administration 
differences affect results. Here, 
we ask if administering a posttest 
on the final exam differs from 
administering it on the last day 
of class with extra final exam 
points for scoring 100% on the 
posttest as an incentive. To answer 
this question, we compared the 
performance of two courses on the 
Genetics Concept Assessment. We 
find comparable results between 
both courses, suggesting that 
instructors can choose the method 
of administration that resonates best 
with their teaching style.

In-Class Incentives That Encourage 
Students to Take Concept 
Assessments Seriously
By Michelle Smith, Katie Thomas, and Maitreya Dunham 

Wieman, 2011; Redish, 2003). The 
first is to give the pretest in class 
on the first day and put the posttest 
questions on the final exam. When 
this approach is used, the number of 
participating students is maximized, 
the assessment is occurring after 
students have reviewed the course 
material, and students are likely to 
take the questions seriously. How-
ever, some instructors object to 
having assessment questions given 
in place of other possible final exam 
questions, because, for example, 
they are worried about asking the 
same questions on the final exam 
from one year to the next or they 
prefer to emphasize material taught 
in the last unit of the course. Thus, 
some instructors prefer a second 
administration approach, giving 
the pretest in class on the first day 
and giving the posttest during the 
last week of class for participation 
points. Instructors then typically re-
view low-scoring posttest questions 
in preparation for the final exam. 
However, because the in-class ad-
ministration method does not count 
for a grade, students may not have 
enough incentive to take the assess-
ment seriously. Furthermore, one 
study found that students who take 
the Conceptual Survey of Electricity 
and Magnetism (Maloney, O’Kuma, 
Hieggelke, & Van Heuvelen, 2001) 
posttest in class for participation 
points, without any incentive to do 
well, perform significantly lower 
than students who take the same as-
sessment on the final exam (Ding, 
Reay, Lee, & Bao, 2008). 

Here, we propose a method for 

In recent years, there has been a 
growing call to assess undergrad-
uate student learning in an effort 
to transform college science 

classrooms (American Association for 
the Advancement of Science, 2009). 
Consequently, more instructors are 
using pre/post concept assessment 
as one instrument to assess students’ 
learning gains. Concept assessments 
are typically composed of multiple-
choice questions that target common 
student misunderstandings and in-
clude wrong answer choices that are 
based on extensive research (Adams 
& Wieman, 2011). Results from as-
sessments help instructors identify 
common areas of student confusion, 
providing a measure for making de-
cisions about how to revise course 
content.

There are a variety of concept 
assessments available that focus 
on various science subdisciplines 
(D’Avanzo, 2008; Knight, 2010; Li-
barkin, 2008; Redish, 2003). These 
assessment tools are developed 
through a rigorous process that in-
cludes validation through interviews 
with students and feedback from 
experts. The tools are also analyzed 
for reliability using data from hun-
dreds of students from multiple 
institutions. Typically assessments 
are given on the first day of class 
as a pretest and then the identical 
questions are given again at the end 
of class as a posttest. The outcomes 
of the pretest are not discussed with 
students. 

Two main approaches for admin-
istering posttest questions in class 
have been identified (Adams & 
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administering the posttest that al-
lows instructors to administer the 
assessment in class, but also includes 
performance incentives. In this study, 
students in two different quarters of 
the same genetics course took the 
Genetics Concept Assessment (GCA; 
Smith, Wood, & Knight, 2008) as a 
pretest on paper during the first day 
of class. During one quarter, students 
answered the posttest questions on the 
final exam and during another quarter, 
students answered posttest questions 
for the first 30 minutes on the last 
day of class. Students who took the 
posttest on the last day of class were 
told that if they scored 100% on the 
posttest, points would be added to 
their final exam. In addition, if the 
posttest results revealed that a large 
percentage of students had a particular 
misunderstanding, extra information 
was added to the study guide released 
the weekend before the final exam. 
In this study, we sought to find out 
whether these in-class incentives 
provided enough motivation to en-
courage students to perform at a level 
equivalent to when questions are on 
the final exam. In this field test, we 
found that students in both scenarios 
performed equivalently. The results of 
this study can be used to help instruc-
tors make informed decisions about 
reliable ways to administer concept 
assessment posttests.

Methods
Course background 
This study was conducted in two 
undergraduate genetics courses for 
majors at the University of Wash-
ington taught in the Genome Sci-
ences Department (spring quarter 
2011 and summer quarter 2011). The 
spring quarter class was team taught 
by author Maitreya Dunham, course 
coordinator Michelle Smith, and one 
other instructor. The summer course 
was taught by Michelle Smith. Stu-
dent demographic information is 
shown in Table 1. 

The spring and summer quarter 
genetics courses were very similar. 

The classes met twice a week for a 
90-minute lecture and also included 
a 50-minute recitation section. Dur-
ing the recitation section, students 
worked in small groups to solve 
genetics problems. The spring- and 
summer-quarter students worked on 
identical recitation section questions. 
Both quarters also included weekly 
homework and clicker questions 
in each lecture and shared a set of 
learning goals that cover the first 
75% of the course. There was also 
a commitment among instructors to 
avoid memorization questions. Fur-
thermore, the spring exam questions 
were often the summer homework 
questions, and the spring homework 
questions were typically the sum-
mer exam questions with changes to 
surface features. 

Assessment administration 
The GCA (Smith et al., 2008), which 
consists of 25 multiple-choice ques-
tions, was administered on the first 
day of class as a pretest in both 
courses. Students completed the as-
sessment during the last 30 minutes 
of class using bubble sheets. Stu-
dents were asked to put forth their 
best effort and were informed that 
their scores would have no bearing 
on their grade, but that the instruc-
tors would use the results of the pre-
test to help determine which topics 
in genetics were particularly chal-
lenging for this group of students. 
The results of the pretest were never 
discussed with the students. 

At the end of the spring 2011 
course, the identical 25 questions 
were given during the first 30 minutes 
of the last day of lecture. The students 
were told that if they got all the ques-
tions correct, 5 points would be added 
to their final exam (the final exam was 
worth 100 points out of a total of 320 
points for the quarter). Two students 
got 100%. The instructors also talked 
to students in the class about taking 
the assessment seriously even if they 
were not confident that they would 
score 100%. They encouraged all stu-
dents to use the opportunity to prac-
tice answering timed multiple-choice 
questions before the final and told 
students that information about con-
cepts from questions with the poorest 
performance would be added to a final 
exam study guide. For example, the 
following statement was added to the 
study guide: “Nondisjunction can oc-
cur during meiosis I or II, make sure 
you practice drawing the differences.” 
After students took the posttest, the 
instructor lectured on a concept not 
covered on the GCA (association 
mapping). The final exam primarily 
focused on concepts covered in the 
last 3 weeks of the course: LOD score 
analysis, association mapping, and 
cancer genetics. In the subsequent 
sections of this paper, this class will 
be referred to as the “in-class posttest 
course.”

In the summer 2011 course, stu-
dents were given the GCA questions 
on the final exam; they were worth 
half of the total points on the exam. 

TABLE 1

Demographic information on students in the spring 2011 (in-class 
posttest) and summer 2011 (final exam posttest) courses.

Spring 2011 
(in-class posttest)

Summer 2011
(final exam posttest)

Class standing 2% junior, 97% senior 18% junior, 74% senior

Ethnicity 58% non-Caucasian 63% non-Caucasian

Sex 57% female 61% female

Major 70% biology
18% biochemistry

62% biology
23% biochemistry
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Students did not know the assessment 
questions would be on the final exam, 
so they could not study for them spe-
cifically. The remaining questions on 
the test were short-answer questions 
that focused on the last unit of the 
course: LOD score analysis, cancer 
genetics, genetics counseling case 
studies, and population genetics. For 
the remainder of this paper, this class 
will be referred to as the “final exam 
posttest course.” Only students who 
completed both the pretest and the 
posttest are included in this study (n 
= 136 in-class posttest course, n = 107 
final exam posttest course).

Data analysis 
The change in learning between pre-
test and posttest was computed for 

each individual student using a mod-
ified version of the Hake normalized 
gain formula (Hake, 1998) known 

as normalized change <c> (Marx 
& Cummings, 2007). Normalized 
change values provide a measure of 
how much a student’s score increas-
es compared with that individual’s 
maximum possible increase. When 

calculating the normalized change 
between pretest and posttest, the fol-
lowing formula was used when an 
individual’s posttest score was equal 
to or higher than the pretest score 
(135 out of 136 cases in-class post-
test course, and 106 out of 107 cases 
final exam posttest course): <c> = 
100[(posttest – pretest) / (100 – pre-
test)]. Alternatively, if an individu-
al’s pretest score was higher than the 
posttest score, <c> = 100[(posttest – 
pretest) / pretest)], was used. There 
were no cases in which both an in-
dividual’s posttest and pretest scores 
equaled either 100 or 0. The standard 
error measurements on reported <c> 

values are used to provide a depic-
tion of the spread of values (Marx & 
Cummings, 2007).

To examine the correlation be-
tween posttest performance and 
course performance, total exam points 
were calculated for each student. For 
the in-class posttest course, student 
final grades were determined by the 
three out of four best exam grades, so 
this value was used in the correlation 
analysis. For the final exam posttest 
course, students took three exams 
that all counted toward their final 
grade. However, for each student, 
we subtracted the posttest score from 
the exam points so we were not cor-
relating posttest scores with values 
that also included posttest points. All 
statistical analyses were performed 
with SPSS (SPSS, Chicago, IL) or 
Excel (Microsoft, Redmond, WA).

Approval to evaluate student pre-
test and posttest responses (exempt 
status,  Protocol No. 39014) was 
granted by the Institutional Review 
Board, University of Washington. 

Results
There is no significant difference 
between mean pretest scores in the 
in-class posttest and the final exam 
posttest courses (t-test, p > .05), indi-
cating that the two courses are com-
prised of students who have similar 

TABLE 2

Mean pretest, posttest, and normalized change scores for students in 
the in-class posttest and final exam posttest courses. 

Course Pretest (%)a Posttest (%)a <c>a,b

In-class posttest 46.8 (1.4) 71.9 (1.5) 49.6 (2.0)

Final exam posttest 46.2 (1.5) 71.4 (1.6) 48.8 (2.4)
aThe SEM is shown in parentheses.
bSee Methods section for the normalized change formula.

FIGURE 1 

Distribution of posttest scores in the in-class posttest course (A) and final exam posttest course (B).
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levels of genetics knowledge at the 
beginning of the course (Table 2). 

The distribution of posttest scores 
for both courses is shown in Figure 
1. There is no significant difference 
between mean posttest scores (t-test, p 
> .05 in all cases), and the mean nor-
malized change (<c>) scores from pre 
to post are nearly identical (Table 2). 

We also examined the correlation 
between student posttest score and 
their overall exam points. Figure 2 
shows a strong positive and signifi-
cant correlation between exam points 
and posttest score for both courses 
(in-class posttest, r = 0.77, p < .05; 
final exam posttest, r = 0.76, p < .05).

Finally, we examined the number 
of omitted posttest answers in both 
courses and found three omitted 
answers for the final exam posttest 
course and 21 omitted answers for 
the in-class posttest course. However, 
18 of the 21 omissions came from 
two students (out of 136) who were 
likely not taking the in-class assess-
ment seriously. 

Discussion
As more instructors use pre/post 
concept assessments in their courses, 
it is important to know whether the 
incentives given to students to take 
assessments seriously are meaning-
ful enough to gather reliable data. 

Although placing assessment ques-
tions on the final exam provides a 
powerful incentive for students to 
do their best, many instructors pre-
fer not to administer assessments 
this way. Previous work on a differ-
ent assessment, Conceptual Survey 
of Electricity and Magnetism (Malo-
ney et al., 2001), revealed that when 
students take the posttest in class for 
only participation points, they per-
form significantly lower than stu-
dents who take the same assessment 
on the final exam (Ding et al., 2008). 
Here, we show that adding a modest 
amount of performance incentives, 
offering five points to students who 
get 100% and a study guide with 
added extra information about the 
concepts in lower scoring posttest 
questions, is enough to encourage 
students to perform at a level com-
parable to answering the questions 
on the final exam (Table 2). In ad-
dition, we find a strong positive and 
significant correlation between exam 
points and posttest score for both 
courses (Figure 2), indicating that 
the in-class posttest is accurately 
capturing student ability. Finally, an 
investigation of the number of ques-
tions with omitted answers supports 
our conclusion that the vast majority 
of students who are taking the post-
test in class are taking it seriously. 

Although there are many ways to 
administer a posttest, it is important 
that students take the assessment se-
riously in order for the instructors to 
get accurate results. Our experience 
with this field test provides evidence 
that meaningful posttest results can 
be gathered in-class with a modest 
amount of incentives. This conclu-
sion gives flexibility to instructors 
who do not want to make the post-
test questions part of the final exam. 
We hypothesize that instructors who 
give concept assessments in other 
subjects will see similar results and 
encourage this line of investigation. 
Furthermore, taking separate and 
anonymous measures of student 
self-motivation while they are tak-
ing assessments in different testing 
conditions could provide additional 
information on how students view 
various incentives. n
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FIGURE 2 

Correlation between posttest score and exam points in the (A) in-class posttest course (y = 0.32x + 0.84, R2 = 
0.60) and (B) final exam posttest course (y = 0.34x + 12.64, R2 = 0.57).
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