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Abstract: Across a variety of fields, the use of low-stakes assessments has led to reductions in
achievement gaps and improved student success. Here, we probe the use of a low-stakes assessment
model with a retake option for failed quizzes in a two-semester general chemistry sequence. We
find that the quiz-retake rate in general chemistry II was significantly higher for students who had
completed a retake in a general chemistry I section, and the percentage of students who failed at least
one quiz in general chemistry I but passed all quizzes in general chemistry II was significantly higher
for students who had retaken at least one quiz in general chemistry I. However, across both semesters
only 40% of students who failed a quiz and were offered a retake completed one. To examine this
trend, we probed a connection to student attitudes and self-concept. As instruments, we used version
2 of the Attitudes towards Chemistry Subject Inventory (ASCIv2) and the Chemistry Subject Concept
Inventory (CSCI), which were administered across all sections of our general chemistry I course in the
fall 2021 semester, and the results subjected to confirmatory factor analysis. Two sections employed
low-stakes assessments (quizzes), with one section offering a retake option, while the remaining two
used a traditional assessment pattern of five exams. The instruments were applied again for the
quiz-retake section of general chemistry II, affording a longitudinal comparison of students common
to both sections. In a pairwise comparison, we find significant increases in factors corresponding to
Intellectual Accessibility and Chemistry Self-Concept for students in the quiz-retake sections across
semesters, with the former more pronounced for men and the latter for women. We take these results
to provide additional data supporting the benefit of low-stakes assessments with a retake option, that
may be particularly impactful for women in chemistry.

Keywords: low-stakes assessments; retrieval processes; introductory chemistry

1. Introduction

The implementation of frequent, low-stakes assessments has been increasingly rec-
ognized in the educational literature as a successful strategy to improve student success.
Such an assessment strategy can reduce or eliminate gender inequities that are commonly
found when employing high-stakes assessments [1-5]. Studies across a range of disciplines
including psychology [6,7], biology [8,9], medicine [10], and chemistry [11,12] have shown
the benefits of frequent assessment, a strategy that is well grounded in educational theories
centered in mechanisms of retrieval [13-17] and growth mindset [18]. In distinguishing
between fixed and growth mindsets, Dweck emphasizes that a fixed mindset is not perma-
nent but may evolve into a growth mindset with proper intervention. Thus, longitudinal
studies can be particularly important in probing the degree to which this is true.

We have recently examined the impact of low-stakes assessments on student success
in general chemistry, focusing particularly on the combined impact of such assessments
and instructor interventions on rates of Ds, Fs, and withdrawals (i.e., DFW rates). In
particular, we focused on the impact of this assessment strategy on DFW outcomes in large
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(~180 students) sections of our general chemistry I/1I courses. There, 10 weekly low-stakes
assessments (quizzes) accounted for 40% of the overall grade, and students failing any
quiz were provided with a retake opportunity after meeting with the instructor. In this
meeting, the instructor reviewed the quiz and associated content, and discussed strategies
for succeeding in the course. Across both semesters, the quiz-retake rate was around 40%,
and the mean improvement in quiz score upon retake was around 30%, which was typically
sufficient to push the quiz score into a passing range, as only the highest of the two scores
was counted for the overall grade. All quizzes were administered through our university’s
course management system, incorporating webcam monitoring and browser lockdown,
and were constructed via random selection from pools of similar questions, with prominent
question types including multiple choice and multi-select.

In this article, we seek to examine the quiz-retake model in more detail, and particu-
larly to probe the connection between quiz retakes and attributes of the affective domain,
specifically student attitudes and self-concept. As highlighted in a recent review, affective
characteristics such as self-efficacy and self-concept are critical for engagement and perfor-
mance in STEM (Science, Technology, Engineering, and Mathematic) fields, with women
typically having lower self-concept in STEM [19]. Significant literature has focused on the
measurement of student attitudes across different disciplines [20-29], with a recent review
summarizing studies of affective domain research in the chemistry education literature [30].
These studies emphasized that “attitude” is inherently a multidimensional construct [31],
encompassing as it does such varied aspects as beliefs [32], interests and motivations [33,34],
values [35], self-efficacy [36], and self-concept and its associated measures [37-39].

Early psychometric measures of attitude and self-concept in chemistry include that of
Shrigley, who in 1984 reported the design and evaluation of a Likert-scale instrument [40].
In 2005, Bauer reported a new survey instrument, denoted the Chemistry Self-Concept
Inventory or CSCI [41]. Factor analysis of responses to the 40 survey questions identified
five distinct factors that included Mathematical Self-Concept (SC), Chemistry SC, Academic
SC, Academic Enjoyment SC, and Creativity SC. Reliability values were typically above 0.7,
and thus considered to be strong. In recent years, the CSCI instrument has been extensively
used in chemistry education research [42—45], alongside other instruments [46,47]. In a
particularly notable study, Lewis and co-workers used the CSCI and a cluster analysis to
demonstrate a significant disparity in retention for students in a low self-concept group [48].

In 2008, Bauer developed a second instrument to measure student attitudes towards
chemistry, the Attitudes towards the Subject of Chemistry Inventory, or ASCI [49]. Factor
analysis of the 20 items in the original instrument identified three unique factors, labelled
Interest and Utility, Anxiety, and Intellectual Accessibility. This instrument was later modified
by Lewis and co-workers to a shorter instrument (ASCIv2), with eight items factored into
two subscales, labelled Intellectual Accessibility and Emotional Satisfaction [50]. As in the
original instrument, the reliability factors were found to be strong. Over the last decade,
the ASCI and ASCIv2 instruments have been arguably the most widely used quantitative
instruments across affective domain chemistry education research [47,51-57].

The focus of the present article is to probe our central hypothesis by examining
the connection between student attitudes and self-concept and the use of a low-stakes
assessment model incorporating voluntary retakes of failed quizzes, and the evolution
of these patterns over the course of a general chemistry I/1l sequence. As illustrated
in Figure 1, in the fall 2021 semester we gave a diagnostic exam across all sections of
our general chemistry I course (N = 624). The exam consisted of 10 chemistry-specific
questions and the ASCIv2 and SCSI instruments. These data were subjected to confirmatory
factor analysis, and subsequently used to examine in detail trends in the general chemistry
I section that included a quiz-retake option for failed quizzes. The instruments were
applied again at the beginning of the general chemistry II course for the quiz-retake section,
providing a parallel view of students across different general chemistry I sections, and a
longitudinal view of changes in student attitudes and self-concept for the students (n = 101)
common to both quiz-retake sections.
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Figure 1. Illustration of the approach to data collection used in this study.

2. Theoretical Frameworks

The role that affective domain characteristics such as attitude and self-concept play
in learning is well grounded in a variety of psychological theories [58—60]. As the present
study seeks to examine the connection and evolution of student attitudes and self-concept
with the retaking of failed quizzes in a low-stakes assessment model, a framework of
particular relevance centers on the testing effect and associated retrieval processes, focusing
in particular on learning gains via the practice of regular testing, which fosters retrieval
mechanism development [13-17]. The testing theory of Bjork and Bjork inherently discrim-
inates storage strength (i.e., the degree to which an item is well learned) vs. retrieval strength
(i.e., the degree to which the item is retrievable) [16], and defines desirable difficulties as those
exercises or practices that improve long-term retention [61]. Regular testing is certainly
one of these practices [15], as is the ability to retake a failed quiz after review. Importantly,
this theory predicts that students with weaker initial study skills may benefit more from
frequent testing [8,13,16,17,62].

3. Research Questions

The research questions that we aimed to address in this study were: (1) Do student
attitudes and self-concept, as measured by quantitative instruments, connect to their
decisions regarding offered retakes of failed low-stakes assessments? (2) What is the
longitudinal evolution of student attitudes and self-concept, as measured by quantitative
instruments, across two semesters of general chemistry in sections using a low-stakes
assessment model with retake option for failed quizzes? (3) Given the gender disparities
reported for high-stakes assessments [1-5], what differences in the evolution of student
attitudes and self-concept (and performance!) are observed by binary gender? To address
these questions, we focus on large (n ~ 180) sections of general chemistry I/1I that employed
a quiz-retake model taught on-sequence in fall 2021 and spring 2022.
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4. Student Demographics and Section Detail

The students participating in this study were enrolled in a large private Midwestern
university in a non-majors general chemistry I/1I sequence. A separate sequence for majors
is also offered, but as these sections were small (capped at 24 students) and had a different
student demographic, they were not included in this study. The demographic breakdown
of the student population for the fall general chemistry I sections (N = 624 total, with full
demographic information available for N = 596) is shown in Table S1 (the S prefix denotes
material in the Supporting Information). We note that the first-generation population
(23%) has remained constant over time, while the percentage of White, non-Hispanic
students has dropped over time and here was 65%. The fastest-growing demographic in
our general chemistry courses is Hispanic/Latino students, who here comprised 18% of
the total population. The breakdown by college shows that 76% of students are from two
colleges, Engineering and Health Sciences, reflecting the service nature of the courses.

Two of the four fall general chemistry I sections used a traditional assessment pattern
centered around five examinations, that together counted for 64% of the grade. The other
two sections used a pattern of weekly quizzes, with one offering a retake option. In both
quizzing sections, the quizzes counted for 40% of the total grade. Considering the quiz-
retake section, which is the focus of this article, students failing a quiz (defined as a score
of 50% or below) were invited to meet with the instructor and thereafter were given the
option of retaking the quiz, with the higher score counting towards the final quiz grade. As
mentioned above, in these meetings the instructor reviewed the quiz and discussed study
strategies for the class. While the quizzes counted for 40% of the overall grade, we classify
these as “low-stakes assessments”, as each carried a fraction of the weight of a traditional
high-stakes examination. This is illustrated in Figure S1, which compares the current course
assessment pattern with a historical pattern based upon high-stakes examinations.

5. Methodology

Following IRB review, we obtained deidentified student demographic and grade
information for the on-sequence (i.e., fall general chemistry I, spring general chemistry II)
sections of general chemistry I and II in the 2021-2022 academic year. As noted above, at the
beginning of the year a diagnostic quiz consisting of 10 chemistry-focused questions and
the ASCIv2 and CSCI instruments was given across all four sections of general chemistry
I (total N = 624). In the quizzing sections, the diagnostic was administered as the first
quiz in the class at the end of the first week, to aid in introducing students to the quizzing
environment. In the other sections, the quiz was administered during the first week and was
counted for participation points. A total of 522 students (83.7%) completed the chemistry
component of the diagnostic, while a total of 518 students (83.0%) completed both the
chemistry component and the ASCIv2, and a total of 509 students (81.6%) completed all
components. All data were stored in Excel workbooks and analyzed using Excel and SPSS
Statistics v. 28.0 [63].

Considering results from the chemistry-specific diagnostic questions, we classified
this as Measure 0 (abbreviated M0). In addition to this diagnostic, we also used for the
quiz-retake section the initial knowledge check (classified as M00) in the ALEKS (Adaptive
Learning in Knowledge Spaces) adaptive homework system that was used in the course [64].
Moving to results from the ASCIv2 instrument, after rescoring we performed confirmatory
factor analysis (CFA) on the eight ASCIv2 items using AMOS 29 [65]. The CFA was
performed first on data from the complete set of students, and again only for students in
the quiz-retake section, which is the focus of this article. The fit results, shown in Table S2,
validate the two components identified by Lewis (termed here M1 and M2, corresponding
to Intellectual Accessibility and Emotional Satisfaction) [50]. A graphical representation
of the path diagram that includes standardized estimates from the fit to the data for the
complete set of students is shown in Figure S2.

Turning to the CSCI instrument, after rescoring we performed confirmatory factor
analysis on the 40 items in the instrument using AMOS 29. The CFA was performed first
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on data from the complete set of students, and again only for students in the quiz-retake
section, which is the focus of this article. The results, shown in Table S3, validate the five
factors determined in the original analysis [41], although the fit quality was significantly
poorer than found for the ASCIv2 instrument. These five factors are: Mathematical Self-
Concept (Measure 3 or M3), Chemistry Self-Concept (M4), Academic Self-Concept (M5),
Academic Enjoyment Self-Concept (M6), and Creativity Self-Concept (M7). A graphical
representation of the path diagram that includes standardized estimates from the fit to the
data for the complete set of students is shown in Figure S3.

As another view of the reliability of the CSCI instrument, we used Cronbach’s « to
examine the internal consistency of the subscales [66], a measure also used by Bauer in his
original article [41]. The results for (a) all students in the fall sections and (b) students only
in the quiz-retake section are shown in Table 1, where they are compared with the values
derived by Bauer. Overall, the values are comparable, with the exception of the Academic
Self-Concept subscale, and thus we will not seek here to draw significant conclusions from
this measure.

Table 1. Reliability comparison of the CSCI subscales.

Subscale Bauer [41] This Study, All Sections Qui;l:l}':aitSaIS(::ug géti on
Self-Concept 091 0% "
Self Concept 077 oo "
Acacéeerlrfl_ié (];Zgizl};?lent 0.77 0.81 0.81

Summarizing, in this work we thus considered a total of nine measures, abbreviated
here for clarity as follows:

Chemistry diagnostic score (MO0);

Initial ALEKS knowledge check (M00);

ASCIv2 factor 1: Intellectual Accessibility (M1);
ASCIv2 factor 2: Emotional Satisfaction (M2);

CSCI factor 1: Mathematical Self-Concept (M3);

CSCI factor 2: Chemistry Self-Concept (M4);

CSCI factor 3: Academic Self-Concept (M5);

CSClI factor 4: Academic Enjoyment Self-Concept (M6);
CSCI factor 5: Creativity Self-Concept (M7).

Finally, considering the structure of the quizzes themselves, each quiz consisted
of pooled sets of questions drawn from a master question library stored in our course
management system, which were randomized for each attempt. The quizzing structure
and associated item libraries were developed and refined in summer term courses taught
in 2020 and 2021. The quizzes used browser lockdown and webcam monitoring.

6. Results and Discussion
6.1. Item Descriptive Statistics and Correlations

As an overview, shown in Table 2 are descriptive statistics for the measures used
in this work (M0-M?7) across all sections. Considering the chemistry component of the
diagnostic exam, the mean was 6.49 (scale of 10) with a standard deviation of 1.93. For the
ASCIv2 and CSCI measures (M1-M7, on a five-point scale), the means varied from 2.61
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to 3.98, while the standard deviations varied from 0.59 to 0.84. Apart from MO0 (Aleks
KC) and M6 (Academic Enjoyment SC), all skewness and kurtosis values were less than
1, indicating good normality. Measure M6 (Academic Enjoyment SC) displayed a mean
centered towards the high end of the scale, which may impact on the discernment of
differences in a longitudinal study.

Table 2. Descriptive statistics for the measures used in this work.

Item Values N Mean (SD) Median Skewness (SE) Kurtosis (SE)
MO 0-10 522 6.60 (1.92) 7.00 —0.27 (0.11) —0.28 (0.21)

MO0 * 0-10 167 2.90 (0.95) 2.77 0.78 (0.19) 1.45 (0.37)
M1 1-5 518 2.48 (0.62) 2.50 —0.07 (0.11) —0.03 (0.21)
M2 1-5 518 3.33 (0.65) 3.25 —0.18 (0.11) —0.08 (0.21)
M3 1-5 509 3.73 (0.78) 3.82 —0.64 (0.11) 0.11 (0.22)
M4 1-5 509 3.20 (0.71) 3.20 —0.28 (0.11) 0.03 (0.22)
M5 1-5 509 3.83 (0.44) 3.83 —0.21 (0.11) —0.02 (0.22)
M6 1-5 509 4.14 (0.59) 4.14 —0.96 (0.11) 1.89 (0.22)
M7 1-5 509 3.35(0.78) 3.25 —0.05 (0.11) —0.55 (0.22)

* Only recorded for quiz-retake section.

Considering the quiz-retake general chemistry I section, here 167 of the 183 students
completed the diagnostic (91.3%). To probe further the validity of the measures, we
examined: (1) initial quiz average, (2) final quiz average (i.e., after retake if applicable),
(3) difference in quiz average, (4) number of quiz retakes, (5) midterm exam, (6) final exam,
(7) overall final score. Correlations amongst these variables were calculated using the
Pearson statistic, with range between —1 and 1 [67]. The results are shown in Table S4.
Considering the midterm and final exam scores, the correlations with measures M1-M7
were weak, as expected, since measures associated with attitude and self-concept should
not correlate strongly with achievement, as pointed out by Bauer. The number of quiz
retakes was negatively correlated with M3 (Mathematical SC) and positively correlated
with M7 (Creativity SC). Similar trends were observed in the quiz-retake general chemistry
II section, as shown in Table S5. Here the midterm and final exam scores also displayed
weak correlations with measures M1-M?7, but again both scores were strongly correlated
with overall quiz average. The number of quiz retakes was negatively correlated with M1
(Intellectual Accessibility) and M3 (Mathematical SC).

6.2. Group Comparisons

Addressing our first research question, we examined trends across groups of students
in the fall quiz-retake section, defining three quiz groups (Q0, Qlnz, Q1r) within that section,
as follows. Group QO consisted of students who did not fail a quiz. Group Q1nr included
students who failed at least one quiz and were invited to meet with the instructor but
declined. Group Q1r included students who failed at least one quiz and completed at least
one retake after meeting with the instructor.

Comparing groups Qlnr and Q1r, or discriminating between students who failed at
least one quiz on the basis of retake completion, the statistics for these groups (Table S6)
showed small differences in midterm and final exam score that were not statistically
significant. Note that the mean number of retakes in the Q1r group was 1.6 (Table S6). The
results of an independent samples t-test comparing these groups are shown in Table 3.
Between these groups, none of the measured differences were significant. Note that in
this table and those below, the n values for different measures are slightly different, as not
all students completed all components of the diagnostic exam. Also, due to the multiple
hypothesis tests that will be employed on these data, we applied the Bonferroni correction
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to calculate an adjusted « value of 0.01 for significance [68], which will be used throughout.
Non-significant differences are identified in each table (n.s.).

Table 3. Independent t-test results for general chemistry I quiz-retake groups Qlnr vs. Qlr as
described in the text.

Item Group n Mean (SD) t Statistic (T £ o‘-/"}:illee a Cohen’s d

MO Qlnr 27 6.04 (1.56) 1.83 0.07 (n.s.)
Qlr 36 5.17 (2.08)

Moo Qlnr 27 2.76 (0.78) 1.49 0.14 (n.s.)
Qlr 36 2.46 (0.78)

M1 Qlnr 26 2.31(0.54) —0.30 0.77 (n.s.)
Qlr 36 2.36 (0.67)

M2 Qlnr 26 3.31(0.62) 0.07 0.94 (n.s.)
Qlr 36 3.30(0.73)

M3 Qlnr 25 3.73(0.73) 1.52 0.13 (n.s.)
Qlr 36 3.41(0.84)

M4 Qlnr 25 2.95(0.78) —0.52 0.60 (n.s.)
Qlr 36 3.05 (0.68)

M5 Qlnr 25 3.50 (0.55) —0.95 0.34 (n.s.)
Qlr 36 3.65 (0.61)

Meé Qlnr 25 3.88 (0.59) —1.12 0.27 (n.s.)
Qlr 36 4.08 (0.78)

M7 Qlnr 25 3.21 (1.00) —2.59 0.02 (n.s.)
Qlr 36 3.79 (0.74)

The data for the spring quiz-retake general chemistry II section were also examined.
Here the diagnostic exam was administered again at the beginning of the course, and while
a different set of (10) chemistry-focused questions (i.e., M0) was employed and the ALEKS
initial knowledge check (M00) was also different, the same ASCIv2 and CSCI instruments
were administered. We further note that 101 students from the fall quiz-retake section
continued into the spring quiz-retake section, and we will examine in detail below data for
students common to both courses. Comparing here the groups Qlnr and Q1r for the general
chemistry II course, the statistics for these groups (Table S7) showed a small difference in
midterm score, but a marked difference (+7.3 for Q1r group) in final exam score, which
was statistically significant with a medium effect size (Table 4). Again, the mean number of
retakes in the Q1r group was around 1.5 (Table S7). The results of an independent samples
t-test comparing these groups are shown in Table 4. Here with larger overall group sizes
the difference in M6 (i.e., Academic Enjoyment SC) was significant, at a medium effect size,
with the retake group showing a higher score.
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Table 4. Independent t-test results for general chemistry II quiz-retake groups Qlnr vs. Qlr as
described in the text.

Item Group n Mean (SD) t Statistic (T £ ()‘_];:ilfe a Cohen’s d
MO Qlnr 42 457 (1.75) ~1.07 0.29 (n.s.)
Qlr 39 5.00 (1.85)
MO0 Qlnr 42 0.46 (0.18) —0.54 0.59 (n.s.)
Qlr 39 0.48 (0.19)
M1 Qlnr 42 2.43 (0.59) 0.95 0.34 (n.s.)
Qlr 36 2.29 (0.67)
M2 Qlnr 42 3.19 (0.74) —0.68 0.50 (n.s.)
Qlr 36 3.30 (0.59)
M3 Qlnr 41 3.45 (0.72) 0.61 0.55 (n.s.)
Qlr 36 3.35 (0.63)
M4 Qlnr 41 3.04 (0.55) —143 0.16 (n.s.)
Qlr 36 3.24 (0.67)
M5 Qlnr 41 3.52 (0.59) —2.01 0.048 (n.s.)
Qlr 36 3.76 (0.44)
M6 Qlnr 41 3.48 (0.54) —3.63 <0.001 0.83
Qlr 36 3.88 (0.41)
M7 Qlnr 41 3.27 (0.65) —0.80 0.42 (n.s.)
Qlr 36 3.40 (0.75)
Final Qlnr 42 59.4 (18.4) —2.01 0.048 (n.s.)
Qlr 39 66.7 (14.1)

6.3. Comparsons across General Chemistry I/II

To better understand the trends in quizzing retakes and address our second research
question, we examined retakes across semesters within the various quiz groups in the
cohort of students (1 = 101) common to both quiz-retake sections. The results are shown
in Table 5, which summarizes the cohort by quiz group in GCI and GCIIL Beginning with
students who failed at least one quiz in general chemistry I and completed a retake (GCI
Group Qlr), we find that 41% (7 of 17) passed all quizzes in general chemistry Il (i.e., were
in GCII group QO0). Of the students in this group who failed at least one quiz in general
chemistry II, roughly 60% (6 of 10) completed a retake. Considering next those students
who failed at least one quiz and did not complete a retake in general chemistry I (group
Qlnr), we find that only 13% (2 of 13) passed all quizzes in general chemistry II, and
38% (5 of 13) of the students failing at least one quiz in general chemistry II completed a
retake. Summarizing, we thus find that the retake rate in general chemistry II was higher
for students who had completed a retake in general chemistry I, and the percentage of
students who failed at this one quiz in general chemistry I but passed all quizzes in general
chemistry II was higher for students who had retaken at least one quiz in general chemistry
I. Finally, considering students in Group QO in general chemistry I, those who passed all
quizzes, 70% also passed all the quizzes in general chemistry II. For those failing a quiz,
43% (9 of 21) used the retake option, which was similar to the overall retake rate across
general chemistry I and II.
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Table 5. Statistics for quiz retakes across general chemistry I/II for the cohort of 101 students common

to both sections.

GCI Group * GCII Group n GS)i;I° A

Qlr 6 35%

Qlr Qlnr 4 24%

Qo 7 41%

Qlr 5 33%

Qlnr Qlnr 8 53%

Qo 2 13%

Qlr 9 13%

Qo Qlnr 12 17%

Qo 48 70%

* Key: Qlr = students who failed at least one quiz and retook at least one, Qlnr = students who failed at least one
quiz but did not complete a retake, Q0 = students who did not fail a quiz.

The data shown in Table 5 are informative regarding the impact of a low-stakes
assessment model with retakes on the metacognition strategies of students [69]. Pazicni
showed that students who reviewed their exam answers as a means to improve their grade
not only gained in metacognition but also improved on subsequent exams [70]. This is
consistent with the trend observed here, where within the limitations of the sample sizes it
would appear that students who review failed quizzes are less likely to fail future quizzes
and more likely to complete a retake if they do fail.

Returning to the affective domain measures, we compared measures M1-M7 using
paired t-tests for all students common to both quiz sections, and the results are shown in
Table 6. We find significant increases in M1 and M4 (Intellectual Accessibility and Chemistry
SC) and a decrease in M6 (Academic Enjoyment SC), with effect sizes ranging from small to
large. While naturally our chemistry course was not the only course taken by students, the
opposite trend for chemistry self-concept vs. academic enjoyment self-concept is intriguing.
In a longitudinal study of the restructuring of a one-semester chemistry course for nursing
students using the CSCI, a statistically significant increase in chemistry self-concept was
observed, with no statistically significant differences for the other subscales [71]. This
was attributed to modifications in the learning environment that increased the relevance
of course material and student motivation. Lewis and co-workers used the CSCI in a
longitudinal (pre-test/post-test) study across a first term general chemistry course (1 = 83)
that employed a process-oriented, guided-inquiry learning framework, and similarly found
a statistically significant increase only in chemistry self-concept [48]. This was taken as
evidence that a student-centered pedagogy can lead to improvement in student self-concept,
and led the authors to call for additional studies, like that reported here, which assess
longitudinal changes in self-concept.

Addressing our third research question, we also examined the paired results sorted
by binary gender, which is particularly desirable given the known impact of low-stakes
assessments on the performance of women in STEM courses. The results from these com-
parisons are presented in Tables S8 and S9. Considering women, Table S8, M4 (Chemistry
SC) showed a significant increase with medium effect size, while M6 (Academic Enjoyment
SC) showed a significant decrease and a large effect size. Considering men, Table S9, only
M1 (Intellectual Accessibility) showed a significant increase with medium effect size, while
M3 (Mathematical SC) and M6 (Academic Enjoyment SC) showed significant decreases,
with medium to large effect sizes.
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Table 6. Paired f-test results across general chemistry I and II courses for students common to both
quiz-retake sections.

Item Comparison Group n Di ffel:/:lirel (SD) t Statistic (T £ ()‘_];:ilfe a Cohen’s d
M1 GCII-GCI 94 0.22 (0.59) 3.54 <0.001 0.37
M2 GCII-GC1 94 0.12 (0.65) 1.81 0.07 (n.s.)

M3 GCII-GC1 93 —0.12 (0.47) —247 0.015 (n.s)
M4 GCII-GCI 93 0.20 (0.58) 3.36 0.001 0.35
M5 GCII-GCI 93 —0.05 (0.44) —1.18 0.24 (n.s.)
M6 GCII-GCI 93 —0.49 (0.49) —9.67 <0.001 1.00
M7 GCII-GCI 93 —0.09 (0.64) -1.32 0.19 (n.s.)

Unpacking these trends, we find that, across general chemistry I, chemistry self-
concept increased for all students in the quiz-retake section, with a larger increase for
women that reached statistical significance. The change in academic enjoyment self-concept
of both men and women significantly decreased, but the change was larger for men. Finally,
mathematical self-concept of men showed a significant decrease, in comparison to the
negligible change observed for women.

Considering the further impact of this assessment strategy on women, across both
semesters of the quiz-retake section we note that there were no statistically significant
differences by gender in overall quiz average, midterm exam average, or final exam
average. In general chemistry I, women completed more quiz retakes than men, while
this trend reversed in general chemistry II. Taken together, these results suggest that an
assessment strategy centered around low-stakes regular quizzing with a retake option
may be effective in reducing or eliminating well-known gender disparities that occur with
high-stakes assessments [1-5].

Finally, paired t-tests were used to compare measures M1-M7 across the general
chemistry I quiz groups, focusing on the retake groups Q1r and Qlnr, and the results are
shown in Tables 510 and S11. Given the small sample sizes in the two groups, these results
should be considered tentative. For both groups we find statistically significant decreases
in M6 (Academic Enjoyment SC), with a large effect size. This is consistent with the trend
observed for all students, where a decrease in academic enjoyment self-concept across
the first semester was observed. As the items in the CSCI coded to academic enjoyment
inherently ask about multiple (i.e., most) academic subjects, it is hard to draw larger
conclusions from this observation beyond the obvious one that, after their first semester,
students in this cohort report on average a reduced enjoyment of their academic subjects.

7. Limitations

Two primary limitations of this work are that (1) it was carried out at a single in-
stitution and (2) results were not replicated due to scheduling issues. Considering the
specific research goals of this study, particularly the desire to examine the evolution of
student attitudes and self-concept across two semesters of general chemistry in sections
that employed a quiz-retake model, a further limitation is the number of students common
to both sections. This was caused in part by an unanticipated schedule change. Our general
chemistry sections are traditionally offered on MWF at 8 a.m., 10 a.m. and 1 p.m., and the
schedule change moved the primary instructor from the 1 pm general chemistry I section
to the 8 am general chemistry II section. This change impacted the number of students
following from the general chemistry I to II quiz-retake sections. The limited number of
common students also prevented a more detailed analysis by student demographic (e.g.,
race/ethnicity, first generation status, etc.) that would be desirable.
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A further limitation of this study is its reliance on quantitative measures of student
affect. As pointed out by Flaherty [30], studies of affect in the chemistry education literature
are dominantly (~90%) quantitative, and many have used the instruments employed
here or other constructs. Given the complexity and subjectivity of affect, the premise
of using numerical scales to measure it can be questioned, thus motivating the need for
qualitative studies.

Considering the instruments used in this work, we have employed confirmatory factor
analysis; however, ideally measurement invariance testing [72] would be applied to validate
the use of these instruments across the groups in this study. Such an analysis unfortunately
requires large data sets. As the authors of a recent primer on this approach note: “For a
practical approach, if measurement invariance testing is not feasible, we suggest a careful review
of the literature for instruments which have been appropriately tested with diverse populations, to
support appropriate data collection and analyses that lead to meaningful conclusions” [72]. Given
that both the ASCIv2 and CSCI instruments have been widely used and tested with diverse
populations, we believe that their use is supported here; however, the lack of confirmation
through measurement invariance testing is a limitation.

A final limitation of this study is that it was conducted in the COVID-19 era. All classes,
recitation sections, and laboratory meetings were held in person, albeit with masking
requirements that were lifted in the middle of the spring 2022 semester. Nonetheless, it is
impossible to quantify the possible effects of the pandemic on this study.

8. Implications for Research and Practice

The change in assessment strategy in our general chemistry classes evidenced in
Figure S1 shows a move from strictly summative assessments to a blend of formative and
summative assessments. While the quizzes themselves are summative, students failing
a quiz are afforded a retake after meeting with the course instructor. Thus, low-stakes
quizzing is itself an effective early warning system that provides early feedback to students
on their performance in the course and opportunities for remediation. Moreover, the use of
this strategy demonstrates a growth vs. fixed mindset on the part of the instructor. This
is important, as it has been demonstrated that faculty communicating a fixed mindset
regarding ability undermine the performance of women in STEM fields [73].

Our longitudinal study shows that students who complete a retake in general chem-
istry I were more likely to do so in general chemistry II, and yet the percentage of students
failing at least one quiz in general chemistry I but passing all quizzes in general chemistry
II was markedly higher in the retake group, providing evidence of growth. Results from
the applied instruments suggest that this strategy improves chemistry self-concept, partic-
ularly for women, and given the known gender disparities for high-stakes assessments,
can reduce or eliminate such disparities. To that end, we note that an assessment strategy
incorporating low-stakes assessments has now been widely adopted at our institution
across a variety of chemistry courses.

9. Conclusions

This study has examined trends in student attitudes and self-concept, as measured
using the ASCIv2 and CSCI instruments, across two semesters of general chemistry in
sections employing a low-stakes assessment (quiz-retake) model. This model incorporated
weekly quizzes as a major component of assessment, and offered retakes for students who
failed a quiz following a one-on-one meeting with the instructor. This meeting consisted of
a quiz review and discussion with suggestions for improvement in the course.

We gave the ASCIv2 and CSCI instruments across all sections (N = 624) of our fall
2021 semester general chemistry I course, and used confirmatory factor analysis to validate
the previously derived factors. This led to a total of seven affective domain measures. The
ASCIv2 and CSCl instruments were applied again at the beginning of the general chemistry
II course in the quiz-retake section, affording a longitudinal evaluation of changes in
student attitudes and self-concept for those students common to both sections. Comparing
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those students who were invited to retake a quiz and did vs. those who did not, in the fall
cohort we find a significant difference in Creativity Self-Concept, with the retake group
showing a higher score, while in the spring cohort these groups differed in Academic
Enjoyment Self-Concept, again with the retake group showing a higher score.

Turning to the longitudinal comparison, we first examined the quiz-retake rate across
both semesters, finding that in general chemistry II this rate was significantly higher for
students who had completed at least one retake in general chemistry I. Secondly, we found
that the percentage of students who failed at least one quiz in general chemistry I but passed
all quizzes in general chemistry II was significantly higher for students who had completed
at least one retake in general chemistry I. Considering the affective domain measures, by
employing a paired analysis for students common to both quiz-retake sections, we find
significant increases in factors corresponding to Intellectual Accessibility and Chemistry
Self-Concept for students in the quiz-retake sections across semesters, with the former
more pronounced for men and the latter for women. We also observe a significant decrease,
for both men and women, in Academic Enjoyment Self-Concept, which is not necessarily
reflective of their experience in chemistry.

Overall, we take these results to provide additional data supporting the benefit of
low-stakes assessments with a retake option for development of a growth mindset, that
may be particularly impactful for women in chemistry.
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