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Test Corrections Appear To Benefit Lower-Achieving Students in an
Introduction to Biology Major Course: Results of a Single-Site,
One-Semester Study
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Student-performed assessment correction is a well-established practice in the field of teaching and learn-
ing. This practice engages students in the feedback process and promotes active learning, which may be
particularly important when serving underrepresented minority students. There is a dearth of research
into the role of assessment correction in student learning outcomes (SLOs) in science courses, particularly
at minority-serving institutions. Students at a Native American-serving, primarily undergraduate rural
institution were allowed to perform test corrections for each of the three exams given during the term in
an undergraduate introductory biology course. Students received the graded test back and were given
| week to answer the following questions: what was your original answer, why did you choose that answer/
what were you thinking at the time, why is the answer wrong, what is the correct answer, why is it the cor-
rect answer, and what is your source of reference if different from the textbook? The students were
administered a comprehensive final exam at the end of the course that determined the number of SLOs
passed. A Pearson correlation and a bivariate regression analysis were performed to determine if the num-
ber of test corrections performed (TC) during the term influenced the number of SLOs passed for all stu-
dents, lower-achieving students, and higher-achieving students in the study. The TC correlated with, and
could predict, SLOs passed for lower-achieving students only. This preliminary analysis suggests that per-
forming test corrections may benefit lower-achieving students.
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INTRODUCTION

Success in science, technology, engineering, and math
(STEM)-related fields is dependent not only on what a stu-
dent knows but also in part on the student’s ability to learn
from their error. Error can be used to promote student
knowledge of material, and error generation can improve
memory of the correct answer (l). However, learners
require more than a simple statement of right or wrong to
understand why they have erred. Previous studies indicate
that receiving feedback in the form of right or wrong is not
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as useful as being given the correct answer or having a
chance to review the material (2-5).

Feedback has traditionally been seen through a lens of
transmission, where the authority/expert tells the learner how
they are deficient. This view of feedback does not incorporate
the student into the feedback exercise. Another understanding
of feedback is “a process through which learners make sense
of information from various sources and use it to enhance
their work or learning strategies” (6, p 1315). This means that
for feedback to be effective, students must think critically
about the material. The instructor can tell a student that they
are deficient in their knowledge, but the student must engage
with the material, evaluate their knowledge, and obtain the in-
formation needed to bolster their knowledge. The students
are no longer passive observers but are active participants in
their learning process. Errors made by students provide us
with the opportunity to engage learners in the feedback
process.

Giving students the opportunity to explore errors
and correct mistakes can improve their learning (7, 8).
Moreover, this can help promote active learning in the
classroom environment. This may prove to be particularly
important for schools with large underrepresented
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minority and economically disadvantaged populations. A
2019 study found that active learning opportunities
increased academic achievement and belongingness in
students attending a school with large underrepresented
minority and economically disadvantaged populations (9).

The literature on the association of metacognition and
student success is extensive and has been reviewed in numer-
ous publications (10—15). Lower-achieving students (defined as
students who score lower than the course median) have
reduced metacognition or understanding about how they
learn (11, 16, 17), and metacognition is promoted when stu-
dents engage in activities that allow reflection upon their
learning, knowledge, and study skills (18). Assessment correc-
tions may promote the use of metacognitive strategies to
enhance learning in lower-achieving students if students are
asked to apply retrospective analysis (19).

Nicol and Macfarlane-Dick propose seven principles of
good feedback practice based on a review of formative assess-
ments that promote self-regulation. They contend that good
feedback practice should provide opportunities for students to
self-assess, engage the teacher and learner in a dialog, and pro-
vide opportunities for students to use feedback to improve
their performance (20). Allowing students to correct tests can
be used to provide effective feedback, as defined above, and
promote metacognition. Test corrections that incorporate
reflection promote student use of metacognition strategies to
enhance their learning because students are asked to apply ret-
rospective analysis to their exams (19). Test corrections can
promote self-assessment by requiring students to reflect on
their thought processes during the assessment and why they
came to a particular conclusion. Test corrections can also
increase dialog between the learner and instructor and provide
an opportunity for faculty to improve their instruction by
requiring a student to explain their thought process and why
they reached a conclusion. Moreover, the instructor can deter-
mine if a concept was confusing or not covered appropriately.
Finally, test corrections allow summative assessments to be
used as a tool to measure learning. Black and Wiliam explain
that “the giving of marks and the grading function are overem-
phasized, while the giving of useful advice and the learning func-
tion are underemphasized” in the classroom. They further
explain that this approach places students in competition with
each other (21). Test corrections change the function of the
test, as its primary purpose is no longer determining compe-
tence or rank. This may prove to be particularly important
when working with underrepresented minority populations,
first-generation college students, or women engaged in STEM
courses, as these populations may underperform on high-
stakes exams (22, 23).

Many of the studies exploring student-performed assess-
ment corrections in higher education have been done in non-
STEM fields; the few studies performed within the STEM fields
focused only on the quality of the assessment corrections, stu-
dent academic growth, content retention or, have focused on
how students feel about the process of self-correction (24-29).
This retrospective, exploratory study was conducted to
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determine if student participation in test corrections can influ-
ence the number of student learning outcomes (SLOs) passed
in a freshman-level introductory biology course for biology
majors at a minority-serving institution located in a rural setting.
A hypothesis was generated: students who participate in test
corrections will possess a different pass rate for SLOs com-
pared to students who do not participate in test corrections. A
prediction was made: student participation in the feedback pro-
cess through the act of performing test corrections would
result in increased numbers of SLOs passed. The following
questions were developed to address this prediction:

* Does the average number of test points received (AT)
during the term influence the number of SLOs passed?

* Does preparedness influence the number of SLOs passed?

* Does the number of test corrections performed (TC)
during the term influence the number of SLOs passed
for all students, lower-achieving students, and higher-
achieving students in the study?

METHODS

Human subject research

This study was designated exempt and conducted as
approved by the Institutional Review Board (IRB) at
Northeastern State University (The Role of Self-Assessment
Corrections in Student Learning [IRB number 19-093M])).

Course description and participants. (i) Study site
and population

This is a retrospective, exploratory study of existing data
collected over the spring semester of 2015 in two sections of a
freshman-level introductory biology course at a regional college.
The institution is a Native American-serving, nontribal, primarily
undergraduate institution located in a rural area. The student
body is predominately female (62%), in-state resident (90%),
and composed of traditional and nontraditional students. The
demographics of the students enrolled in the course can be
found in Table I. While there were 74 students enrolled at the
time of the final exam, only 69 students took the final exam.
Existing data related to the course from a convenience sample
of the 69 students who took the final exam were included in
the study as the SLOs were assessed using the final exam.

(ii) Course description

The course was required for the biology major and
designed to meet the needs of students pursuing a biology
degree; however, the course was also required for a number of
other majors and could be used to satisfy the general education
requirements for the university. The course covered the follow-
ing: chemistry and physics of life and the central dogma of mo-
lecular biology, which mapped to SLOs | and 2 (exam 1); cells
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TABLE |

Demographic data for the students enrolled in the course
Demographic % (no.) of students
Gender

Female 56.8 (42)

Male 43.2(32)
Major

Biology 36.5 (27)

Undeclared 32.4(24)

Other” 31.1(23)
Race/ethnicity

American Indian or Alaska Native 20.3 (15)

White 37.8(28)

2 or more races 29.7 (22)

Other” 12.2(9)

“Other includes students from majors with fewer than 10 students
each. Majors represented are chemistry, criminal justice, health and
human performance, human and family sciences, music, psychology
—general, science education, medical laboratory science, and
environmental, health, and safety management.

Other includes students from categories with fewer than 10
students each. Categories represented are Hispanic/Latino, Asian,
black or African American, and unknown.

and cell division, Mendelian and non-Mendelian inheritance,
mechanisms and evidence of evolution, phylogenies, and genes
and evolution, which mapped to SLOs 3, 4, and 8 (exam 2); spe-
cies and speciation, history of life on earth focusing on the evo-
lution of species, and prokaryotic diversity, which mapped to

SLOs 5, 6, and 7 (exam 3); and the comprehensive final exam,
which covered eukaryotic diversity and the above-described
topics, which mapped to all SLOs (Table 2). The course was
delivered face to face via lecture; however, students participated
in discussion, group work, and think-pair-share during the lec-
tures. In addition, students had weekly homework sets and
biweekly online formative quizzes where students were allowed
multiple attempts to provide the correct answer. The catalog
description, course purpose, and SLOs can be found in Table 2.

Data sources. (i) Test corrections and timeline

Students were given tests back with in 2 weeks after
taking the exam and allowed | week to find the correct
answers to the exam questions (Fig. I). The tests were a
combination of multiple-choice, matching, and short-answer
questions. The students had to answer the following ques-
tions when completing test corrections:

* What was your original answer?

* Why did you choose that answer/what were you think-
ing at the time?

* Why is the answer wrong?

* What is the correct answer?

* Why is it the correct answer!

* What is your source of reference if different from the
textbook?

Students received half of the original credit back for each
answer if they were correct and provided an appropriate ra-
tionale. Credit was awarded to encourage students to perform
test corrections; awarding credit improves participation in
assessment corrections (30). Students who submitted an

TABLE 2
Information regarding the course

Course information

Catalog description of course

3 h; an introduction to the origins of living organisms and the mechanisms of evolution that gave rise to the current diversity of
species; includes coverage of the origins and characteristics of major groups in the 3 domains of living organisms

Course purpose

This course is designed for biology majors; this lecture course will provide students information about the basic principles and
mechanisms of evolution as well as an overview of the past and present diversity of life on earth

Student learning outcomes for the course

|. Describe the structure and function of DNA and its importance to evolution

. Describe transcription, translation, and other biological processes relevant to evolution

. Explain the relationship between genes, gene expression, and traits

. List and describe the stages of meiosis and relate their importance to evolution

. List and describe the various mechanisms of evolutionary change in natural populations

. Explain how the process of evolution has led to the development of modern life forms through the process of speciation and differentiation

N ||| AW

major groups of eukaryotes

. List and describe the names and characteristics of major groups of living organisms on earth, including the 3 domains of life and the 4

8. Interpret evolutionary information in the form of a phylogenetic tree or cladogram
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FIG I. Timeline for test corrections. The students were given |
week to perform corrections. The corrections were made
within | week and returned with minimal feedback from the
instructor.

incorrect answer again were marked incorrect and told to cor-
rect their work but for no credit. Students were told why their
reasoning was flawed in instances where the instructor felt that
the student required additional support based on the student’s
submitted explanation and were encouraged to meet with the
instructor for help.

(ii) Assessment measures

Students took a final exam that contained questions that
tested whether the student achieved competency regarding the
course’s eight SLOs at the end of the term. Competency is
defined in this study as the minimum knowledge and/or skills
required of a student and is determined by the program, while
SLOs are statements that describe what a student should be
able to do by the end of the course and were assessed on the
final exam. Students who pass all SLOs are considered compe-
tent. The questions that mapped to the SLOs were designed by
the author and another instructor. In most cases, a score of 60%
was considered competent since 60% was the minimum score
needed to pass the course with a D for all students enrolled in
the course. For example, for SLOs | through 7, there were five
questions, of which students had to answer three questions

correctly to achieve an average score of 60% and be considered
competent. Unfortunately, for SLO 8, one of the questions was
removed due to an error in the question stem. For this reason,
there were only four questions in total; therefore, students were
required to answer three of the four questions correctly and
achieve an average score of 75% to be considered competent.
Students were given an optional preassessment test to assess
their general knowledge of the material to be covered in the
course, and 62 of the students completed the assessment (see
Appendix Sl in the supplemental material); this was used as a
measurement of preparedness for the course to answer the
question of whether preparedness for the course could influ-
ence the role of test corrections in the ability of students to
achieve SLOs.

Data analysis

Descriptive statistics were compiled (Tables 3 to 5), and
analysis of the following variables occurred: the number of test
corrections (TC) that students chose to perform during the
term (0, I, 2, and 3), the number of SLOs passed (0 to 8), the
average number of test points received (AT) on the three exams
given during the term, and the preassessment test points
received (PT). Student’s unpaired t test assumption of unequal
variance or an independent-sample Mann-Whitney U test was
performed to determine if the distributions of the variables in
the individual sections were similar (Supplemental Tables | and
2 in Appendix Sll). The tests were chosen based on whether or
not the data were normally distributed. The sections were com-
bined into one data set after determining that the distributions
and variances of the individual sections were similar. The
Shapiro-Wilk test was performed on the data set, in addition to
the creation of histograms, to determine normality
(Supplemental Table 3 and Fig. SI in Appendix SIl) (31, 32).
Statistical tests were chosen as appropriate based on these anal-
yses (parametric versus nonparametric). Analysis of variance
(ANOVA) (single factor) was performed to determine if the AT
received for the three tests given during the term differed
between the groups of students who completed 0, I, 2, or 3
test corrections. A Kruskal-Wallis test was performed to deter-
mine if there was a difference between the SLOs passed and PT

TABLE 3
Descriptive statistics for student learning outcomes passed for students who performed zero, one, two, and three test corrections and for
all students®

No. of SLOs passed
No. of test corrections No. of students Median Minimum Maximum Mode Mean SD
0 21 4.00 0.00 8.00 2.00 4.48 2.46
| 16 4.50 0.00 8.00 8.00 5.13 2.39
2 I3 6.00 1.00 8.00 8.00 5.85 2.15
3 19 5.00 3.00 8.00 5.00 5.63 1.64
Total 69 5.00 0.00 8.00 8.00 5.20 2.21

“The number of students in each group is recorded. There is no statistically significant difference for student learning outcomes (SLOs)
between the groups of students who performed 0, |, 2, and 3 test corrections [H(3) = 3.582; P=0.310].
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TABLE 4
Descriptive statistics for preassessment test scores for students who performed zero, one, two, and three test corrections and for all
students’
PT

No. of test corrections No. of students Median Minimum Maximum Mean SD
0 16 10.13 8.00 13.75 10.73 1.76
| 15 11.00 6.50 13.25 10.77 1.90
2 13 10.50 5.25 13.75 9.69 2.48
3 18 10.63 4.75 13.25 10.56 1.96
Total 62 10.50 4.75 13.75 10.47 2.0l

“The number of students in each group is recorded. There is no statistically significant difference for preassessment test scores (PT)
between the groups of students who performed O, |, 2, and 3 test corrections [H(3) = 1.267; P=0.735].

for students based on the number of test corrections per-
formed. Pearson’s correlation and bivariate regression analyses
were performed between SLOs and the variables AT and num-
ber of test corrections (TC) for the complete data set. The
data set was also sorted based on AT and analyzed as described
above based on lower (lower-achieving students [TC-LA]) and
upper (higher-achieving students [TC-HA]) medians, and
Pearson’s correlation and bivariate regression analyses were
performed between SLOs and TC. Confidence intervals were
set at 95%, and a two-tailed analysis was performed for all
tests. All analysis was done using Excel or SPSS, with the
exception of the independent-sample Mann-Whitney U test
for the PT variable and the Kruskal-Wallis test. Online calcula-
tors were used for these two analyses (https://www.soc
scistatistics.com/tests/mannwhitney/default2.aspx and https:/
www.socscistatistics.com/tests/kruskal/default.aspx).

RESULTS

Does the average number of test points received
during the term influence the number of SLOs passed?

The mean, median, and mode values for the average
number of test points received (AT) were determined for
the combined total of students in the study and for

students based on the number of test corrections per-
formed (TC). There was no statistically significant differ-
ence for AT between the groups based on the number of
test corrections performed (Table 3). The scatterplot in
Fig. 2 indicates that there was a strong positive linear
relationship between the AT and SLOs passed. A bivariate
regression was calculated to predict SLOs passed based
on AT and showed a statistically significant relationship
between AT and SLOs passed (P<0.001) (Table 6).

Does preparedness influence the number of SLOs
passed?

The mean, median, and mode values for PT were deter-
mined for the combined total of students in the study and for
students based on the number of test corrections performed.
There was no statistically significant difference for PT between
the groups based on the number of test corrections performed
(Table 4). The scatterplot in Fig. 3 shows that there was a weak,
negative linear relationship between PT and SLOs passed. A
bivariate regression was calculated to predict SLOs passed
based on PT and showed a statistically nonsignificant relation-
ship between PTand SLOs passed (P = 0.937) (Table 6).

TABLE 5
Descriptive statistics for average test points obtained per exam during the term for students who performed zero, one, two, and three test
corrections and for all students®

AT
No. of corrections No. of students Median Minimum Maximum Mean SD
0 21 35.71 13.00 62.40 37.35 12.19
| 16 39.30 19.24 61.88 38.30 12.24
2 13 41.60 22.36 56.68 41.47 10.09
3 19 43.16 29.47 57.55 43.85 7.79
Total 69 40.21 13.00 62.40 40.14 10.87

“The exams were out of 75 points. There is no statistically significant difference for average test points obtained (AT) between the groups of
students who performed 0, 2, 3, and 3 test corrections (F3 ¢5 = 1.447; P=0.237).
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FIG 2. Scatterplot showing the relationship between SLOs passed
and the average test points received (AT) on the test during the
term. The scatterplot showing the relationship between SLOs and
AT was generated for all students (n = 69).

Does the number of test corrections performed
during the term influence the number of SLOs
passed for all students, lower-achieving students,
and higher-achieving students in the study?

The SLO mean, median, and mode were determined
for the combined total of students in the study and for stu-
dents based on the number of test corrections performed.
There was no statistically significant difference for SLOs
between the groups based on the number of test correc-
tions performed Table 5). The scatterplot in Fig. 4A shows
that there was a weak, positive linear relationship between
TC and SLOs passed. A bivariate regression was calculated
to predict SLOs passed based on TC for all participants en-
rolled in the study and showed a statistically nonsignificant
relationship between TC and SLOs passed (P = 0.066)
(Table 6). The data set was sorted based on AT and analyzed
based on the lower (lower-achieving students [TC-LA]) and
upper (higher-achieving students [TC-HA]) medians. The
scatterplots in Fig. 4B and C show that there was a strong,
positive linear relationship between TC and SLOs passed
for lower-achieving students but a weak, positive linear rela-
tionship between TC and SLOs passed for higher-achieving
students. A bivariate regression was calculated to predict
SLOs passed based on TC for lower-achieving students and
showed a statistically significant relationship between TC-
LA and SLOs passed (P = 0.015) (Table 6). This was not so
for TC-HA and SLOs (P = 0.126) (Table 6).

Research indicates that minority and female students
have reduced self-efficacy, have higher anxiety, and benefit
from active learning approaches (33, 34). Active learning
opportunities appear to increase academic achievement and
belongingness in students attending schools with large
underrepresented minority populations (9). Test correc-
tions promote an active learning environment by creating
an opportunity for students to reflect on their learning and
why they erred, engage the student in the feedback process,
allow the instructor to determine if a concept is communi-
cated clearly, and may provide an opportunity for students
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to increase their metacognitive skills. While there are many
benefits to test corrections, the exercise is labor-intensive
for the instructor, and some find it prohibitively burden-
some (24). Therefore, an exploratory study using existing
data from an introductory biology course was initiated in
order to determine if performing test corrections increased
the SLO pass rate at a minority-serving institution located
in a rural setting. This study found that the number of test
corrections performed correlated with and could predict
the number of SLOs passed for lower-achieving students
only, while AT correlated with and could predict the num-
ber of SLOs passed for all students.

Previous studies exploring the role of test corrections
on assessment scores in STEM courses found them to be
beneficial for students at lower academic levels. Mynlieff et
al. used ACT scores to sort students by academic level and
found that students with low ACT scores (17 to 23) bene-
fited more than those with higher scores from test correc-
tions in an introductory biology course (25). Unlike this
study, they found that test corrections positively benefited
the performance of all students. The discrepancy between
these studies may be due to the previous study assessing
student performance 2 weeks after versus at the end of the
term, as was done in this study. Alternatively, sample size
differences may play a role (35). In addition, studies explor-
ing the impact of student performance of quiz corrections
in a physics course (28, 29) found that interventions that
require students to self-assess their problems appeared to
reduce the difference in scores between lower- and higher-
achieving students.

Lower-achieving students have reduced metacognitive
monitoring (I |, 18), and metacognition is promoted in lower-
achieving students when they engage in activities that allow
them to reflect upon their learning, knowledge, and study skills
(16). Moreover, analysis of test strategy has a positive effect on
exam preparation and performance (36). Mynlieff et al. found
similar gains in the intervention groups of students with low
ACT scores who participated in test corrections and of those
who participated in small-group discussions of incorrectly
answered questions. However, students with high ACT scores
benefited from test corrections only (25). Students who are
higher achievers may already be participating in activities that
promote metacognition; therefore, they do not benefit from

SLOs vs. PT
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FIG 3. Scatterplot showing the relationship between SLOs passed
and the preassessment test score (PT). The scatterplot showing the
relationship between SLOs and PT was generated for all students
who took the preassessment test (n = 62).
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FIG 4. Scatterplots showing the relationship between SLOs passed and test
corrections completed (TC). Scatterplots showing the relationship between
SLOs and TC were generated for all students (n = 69) (A), low-achieving
students (n = 34) (B), and high-achieving students (n = 35) (C).

exam discussions (25). If true, this enhanced metacognitive
monitoring could mask the effect of test corrections in the
higher-achieving cohort analyzed in this study. Interestingly,
there was a weak, positive linear relationship between AT and
TC, and a simple linear regression indicated that AT could pre-
dict TC (see Fig. S| in the supplemental materials of Appendix
SHIl). This indicates that higher-achieving students in this study
were more likely to participate in an activity that promotes
metacognition. While AT correlated with SLOs passed, PT did
not. This is interpreted to mean that a student may come in
less prepared, but if they gain the skills required to be effective
in their learning, they have an increased probability of success.
Training students to self-assess errors, by reflecting on their
knowledge and learning, helps students determine what they
need to do to achieve (21).

In summary, the act of performing test corrections may
be beneficial for lower-achieving students, as TC correlated
with and was predictive of SLOs passed for lower-achieving
students only. While AT correlated with and was predictive
of SLOs passed for all students, PT did not correlate with
SLOs passed. It is predicted that a student’s ability to adapt

metacognitive strategies may be the strongest indicator of
the number of SLOs passed. It is proposed that efforts be
made to identify students with poor study skills and provide
them with resources to help them develop self-assessment,
correcting skills, and metacognitive strategies.

Limitations

The sample size for this study is small and could potentially
mask the impact of test corrections on SLOs (35). Moreover,
this study was performed on one cohort of students at a regional
school, and these students may not be representative of the gen-
eral college population. However, this study may be informative
for universities and colleges that serve minority and rural popula-
tions. In addition, while the SLO assessment questions were
decided by the author and another faculty member based on the
SLOs and the material covered during the course, the SLO
assessment questions were not validated by an outside source.

This study did not explore the quality of the test correc-
tions, the difficulty of the questions corrected, or the number
of questions corrected per student for each test correction

TABLE 6
Bivariate regression analyses performed’

Value for group
Parameter TC TC-HA TC-LA PT AT
Coefficient (SE) 0.412 (0.220) 0.264 (0.241) 0.413" (0.2487) —0.011(0.142) 0.148""* (0.017)
Correlation coefficient 0.223 —0.378 0.735 0.10 0.728
R? 0.050 0.069 0.170 0.000 0.530
Adjusted R? 0.354 0.041 0.145 —0.017 0.523
No. of observations 69 35 34 62 69

“The dependent variables are shown in the left column, and the independent variables are shown at the top. ¥, P value of <0.05;

of <0.0001.
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assignment. This limited analysis may mask the effect of per-
forming test corrections; however, the results of this explora-
tory study suggest that the act of performing test corrections
may be beneficial for lower-achieving students.
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