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Abstract

Background:

Formative feedback is one way to foster students' readiness for statistics examinations.

Method:

The use of Readiness Assurance Tests was examined as an educational intervention in which feedback
was provided for both correct and incorrect responses in a graduate-level statistics course. Examination
scores in the intervention group (n = 56) were compared with those in a control group (n = 42).

Results:

Intervention group examination scores significantly improved from 75.92 + 14.52 on the Readiness
Assurance Test to 90.06 £ 7.06, p < .001, on the midterm, and final examination scores improved from
78.23 +17.29 to 85.6 + 6.98, p = .002. Intervention group midterm scores were significantly higher than
those of the control group (90.06 + 7.06 versus 79.7 £ 11.6, p < .001); however, no differences were
found between the groups on the final examination (85.35 + 9.46 versus 85.6 + 6.98, p = .91).

Conclusion:

Use of Readiness Assurance Tests was an effective modality to increase student self-efficacy, learning
experience, and, relative to a control group, midterm examination performance in statistics.
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Preparing Students for Success on Examinations: Readiness Assurance Tests in a Graduate-Level
Statistics Course

Statistics courses, although important for nurses pursuing advanced degrees, tend to incite anxiety.
Often, students view statistics courses as a major obstacle to their goals (Onwuegbuzie, Da Ros, & Ryan,
1997; Onwuegbuzie & Wilson, 2003). Anxiety often centers specifically around math and test taking
(Bandalos, Yates, & Thorndike-Christ, 1995). Prior negative experiences, low math self-efficacy, and poor
achievement are associated with statistics anxiety (Zeidner, 1991). Although it is necessary for students
to have foundational understanding of some statistical calculations, ultimately they must translate
statistical concepts to practice. This translation is especially important for evidence-based nursing
practice. Given the combination of a nursing shortage and the need for more advanced practice nurses,
faculty need to design student learning experiences that foster self-efficacy and application of course
content in practice.

Statistics anxiety is defined as an emotional state of arousal experienced when individuals encounter
statistics in any form and is preceded by negative attitudes toward statistics (Onwuegbuzie et al., 1997).
Students who view themselves as not being a “math person,” have low personal course expectations, or
have low self-efficacy in general are more likely to experience statistics anxiety (Nie, Lau, & Liau, 2011;
Onwuegbuzie, 2000; Onwuegbuzie & Wilson, 2003). Online courses and accelerated formats are
associated with statistics anxiety (DeVaney, 2010). Examinations can also cause statistics anxiety, with
timed tests and calculations serving as contributing factors (Onwuegbuzie & Seaman, 1995). More than
30% of nursing students experience general test anxiety (Shapiro, 2014), and a negative relationship has
consistently been found between statistics anxiety and performance on statistics examinations (Chapell
et al., 2005; Cheraghian, Fereidooni-Moghadam, Baraz-Pardejani, & Bavarsad, 2008; Iranfar et al., 2014;
Onwuegbuzie & Seaman, 1995; Onwuegbuzie & Wilson, 2003).

Although anxiety has also been reported as a positive predictor of course performance, high levels of
anxiety can lead to debilitation (Onwuegbuzie & Wilson, 2003). Students with statistics anxiety may
procrastinate studying for examinations and completing assignments. Onwuegbuzie (2004) found that
both fear of failure and task aversiveness were related to test anxiety and statistical interpretation
anxiety.

One way to decrease anxiety in general and increase learning is to use formative assessment. This
process allows learners to practice and gain feedback to foster content mastery. Upon receiving
feedback, learners can decide the next steps needed to enhance learning outcomes. The theoretical
framework of formative assessment combines constructs from social cognitive theory, including self-
determinism, self-regulation, and self-efficacy (Black & Wiliam, 2009). By placing instructional decision
making in the hands of the student through self-determinism and self-regulation, formative assessment
increases the learner's self-efficacy.

In this article, use of Readiness Assurance Tests (RATs) is examined as a means to foster test-taking
readiness through formative feedback in a graduate-level statistics course. Built on a formative
assessment pedagogical framework, RATs were developed that consist of two low-stakes assessments
that have formats and testing environments similar to the actual examinations. The RATs were given
prior to the midterm and final examinations to (a) increase student familiarity with expectations by
giving them early exposure to the testing environment and (b) serve as a study guide for content,



allowing students to identify their learning needs. The purpose of this project was to evaluate the
effects of a RAT intervention on examination scores. The authors hypothesized that the RATs would help
improve student self-efficacy and ultimately improve examination scores.

Conceptual Framework

Central to formative learning is the concept of feedback. Substantial evidence shows that feedback has a
consistent positive effect on learning and markedly influences student achievement (Evans, 2013;
Gikandi, Morrow, & Davis, 2011; Hattie, Biggs, & Purdie, 1996). When students are provided feedback
and then provided an opportunity to apply that feedback to demonstrate mastery, they are more likely
to retain and retrieve knowledge (Roediger & Butler, 2011). Learning interventions must show students
what they know, do not know, and need to improve (Hattie & Jaeger, 1998). According to Wiliam (2011),
assessment demonstrates examination standards, increases student confidence, and provides feedback
on areas that need focused review. With enough feedback, the students know the actions they need to
take. Good feedback facilitates self-assessment, encourages positive self-esteem, and helps students to
close the gap between current and desired performance (Nichol & Macfarlane-Dick, 2006). Using those
characteristics, the current authors developed the conceptual framework for the intervention (Figure 1).
As depicted, formative assessment occurs in the preparation phase of learning. It prepares students for
performance by providing them with goals, practice, and feedback. This process helps students to clarify
their understanding of concepts and decreases their uncertainty about expected outcomes (i.e.,
examination results). As a result, summative assessment better indicates students' achievement, as
formative assessment has better prepared them for it.

Method
Design

The current study was reviewed and approved through the institutional review process. A nonequivalent
comparison group design was implemented to evaluate the effectiveness of the RATs on examination
scores, using a convenience sample of students enrolled in two separate course sections (spring and fall
2014) of a graduate-level online statistics course. The control group consisted of graduate students
taking this course in the spring semester of 2014. Both courses were identical in format and content,
with the exception of the addition of the RATs to the fall 2014 course. A majority of the students in the
intervention group receiving the RATs were accelerated baccalaureate (BSN) students. Although these
students were technically considered to be prelicensure, they had completed at least one prior
bachelor's-level undergraduate degree.

Measurement and Data Analysis is an online graduate-level statistics course. It is open to all graduate
health science students and is required for the Master of Science in Nursing program at Indiana
University. This course uses an electronic textbook and companion course-management site (Aplia™) for
homework assignments. Students are allowed three attempts at homework questions, with formative
feedback provided on submission. Timed midterm and final examinations assess the application of
concepts.

Measures

Readiness Assurance Tests. The course faculty developed the RAT items using an existing test-item pool
developed and reviewed by course faculty in the Indiana University School of Nursing. The first and



second authors (R.J.B.E., L.C-H.) independently reviewed and revised RAT items to align with course
objectives. The authors reviewed each other's set of items to further promote construct validity. The
course graduate teaching assistant (P.M.) provided item-level feedback. Estimated reliability using the
Kuder—Richardson Formula 20 (KR-20) was adequate, with RAT #1 (administered prior to the midterm
examination) KR-20 = .815, 43 items, and RAT #2 (administered prior to the final examination) KR-20 =
914, 46 items.

The RATs were computerized examinations, with built-in feedback for both incorrect and correct answer
choices, using the characteristics of good feedback described by Wiliam (2011). Feedback was structured
to explain why each correct response was correct and why each incorrect response was incorrect. The
rationale for including feedback on correct items was to increase conceptual understanding as it relates
to practical applicability. Textbook references for further explanation of the item were provided. The
RATs were administered the week before the midterm examination and the week before the final
examination via the online course management system. Students were allowed 3 hours to complete
each RAT, which was consistent with the time limits for the examinations. Further, the online testing
environment mirrored that of the examinations. The examinations contain different scenarios, but the
format of the questions was consistent between the RATs and the examinations. The midterm
examination accounted for 25% of the final course grade, and the final examination accounted for 35%
of the final course grade.

Readiness Assurance Tests Student Satisfaction. Satisfaction with the RAT was assessed with an
instructor-developed 4-point Likert survey questionnaire in which 4 = strongly agree and 1 = strongly
disagree. The RAT Student Satisfaction Survey was administered via the online course management site.

Data Analysis

Data were analyzed using SPSS’ version 21.0 software. Summary statistics were used to describe the
overall distribution of scores for the RATs, midterm, and final examinations. Assumptions for parametric
tests were met, and pairwise comparisons were made using independent t tests or dependent t tests, as
appropriate. All analyses were performed using alpha = .05.

Findings

Forty-two students comprised the control group and 56 students comprised the intervention group.
Both groups completed the midterm and final examinations, with the intervention group completing
two RATs. To determine whether being a prelicensure student had an effect on examination outcomes,
two groups were created. One group consisted of the accelerated BSN students and the other consisted
of graduate students, ignoring whether participants were in the control or intervention group. These
groups were then compared based on their first examination score, whether it was the RAT examination
or the midterm examination. No difference was noted between undergraduate (75.58 + 15.3) and
graduate (79.27 £ 11.4) students' performance on this first examination (t[82.79] = 1.34, p = .183).

Midterm Examination. Students who took RAT #1 significantly improved their midterm scores (90.06 +
7.06), compared with their RAT #1 scores (75.92 + 14.52, t[55] = 6.95, p < .0001). The midterm scores for
the intervention group were significantly greater than the midterm scores for the control group (79.7 +
11.61, t[63.26] = 5.12, p < .001); equal variances were not assumed. These results are displayed in Figure
2.



Final Examination. The final examination scores for the RAT intervention group were not significantly
different from the control group's final examination scores, t(96) = .13, p = .90. However, comparisons
between the control group's final examination scores (85.35 + 9.46) and the intervention group's RAT
scores (78.23 + 17.29) were significantly different, with the control group having higher scores (t[88.71]
= 2.6, p =.01), when equal variance is not assumed. Students in the RAT intervention group significantly
improved their final examination scores after taking the RAT intervention examination (t[55] =3.23, p =
.002).

Readiness Assurance Tests Student Satisfaction. In the intervention group, 45% (n = 25) of the students
completed the RAT Student Satisfaction Survey. All students agreed or strongly agreed that the RAT
helped to anticipate expectations related to the midterm and final examinations. Helping students
anticipate what to expect on the examination was associated with significantly less worry about it.

Discussion

The use of RATSs significantly increased students' midterm examination scores relative to both their RAT
#1 scores and the scores of a control group. Although students in the intervention group improved their
final examination scores, compared with their second RAT scores, the final examination scores were no
different from the control group's final examination scores. The differences observed between the two
groups at midterm were not evident with the final examination. It is possible that after experiencing the
first RAT, students knew what to expect and may have had a false sense of security going into the
second RAT and final examination. The authors observed students' tendency to ask more questions prior
to the midterm examination compared with the final examination. In addition, more students reported
not studying prior to taking the final examination after completing the RAT. This may have been related
to students experiencing the RAT previously and viewing it as a substitute for studying. Black and Wiliam
(2009) described how formative assessment may reassure students and decrease motivation for further
study.

As with any study, the current study was not without limitations. The intervention group was composed
primarily of accelerated BSN students. When accelerated BSN scores were compared with graduate
student scores, no difference was found; therefore, the authors felt confident there is no difference in
scores due to the type of student. On the basis of college educational experience, the BSN and graduate
students were similar, except for the lack of a nursing license. However, lower scores on the second RAT
may have been associated with fatigue and pressures related to an accelerated prelicensure BSN
program. Further study should focus on program characteristics that may influence study outcomes.

A strength of the RATs was that it allowed students to anticipate what to expect on the examinations,
which helped them to prepare for the examinations. Although the authors did not use an externally
validated measure of statistical anxiety, they did assess students' perceptions of worry and found that,
overall, the RATs helped to reduce students' worry about their examinations.

Students did not have an incentive to complete the satisfaction survey; therefore, the response rate was
low. Future studies should examine statistical anxiety using a measure with evidence of reliability and
validity. The current study used an instructor-developed satisfaction questionnaire that included items
about worry but not specifically a measure of anxiety. The authors also found that the RATs (a) clarified
faculty expectations for students with regard to the examinations, especially given that the structure of
the examination varied from that of the homework assignments; (b) helped students to master a large



amount of statistics material; and (c) fostered self-efficacy in statistics for nursing students, helping to
focus study efforts for maximum impact.

Conclusion

Statistics is a critical component of nursing; however, statistics courses can cause disproportional levels
of anxiety and become a barrier to student success. Using RATs helps to prepare students for
examinations and enhances the learning experience. The RATs helped students to focus on conceptual
understanding, making the content in this statistics course more applicable for practice. Future research
is needed with homogeneous samples to fully evaluate the intervention.



Authors

Dr. Bartlett Ellis is Assistant Professor, Dr. Carter-Harris is Assistant Professor, and Ms. MaclLaughlin is a
graduate student and Teaching Assistant, Indiana University School of Nursing, Indianapolis, Indiana.

Dr. Carter-Harris' time during the preparation of this manuscript was funded from the Indiana University
School of Nursing T32 Training in Behavioral Nursing Research Grant (5T32 NR007066) from the National
Institute of Nursing Research.

The remaining authors have disclosed no potential conflicts of interest, financial or otherwise.

The authors thank Dr. Phyllis Dexter for her feedback on this manuscript, as well as their students for
their feedback on the Readiness Assurance Tests.

Address correspondence to Rebecca J. Bartlett Ellis, PhD, RN, ACNS-BC, Assistant Professor, Indiana
University School of Nursing, 1111 Middle Drive, E423, Indianapolis, IN 46202; e-mail: rjbartle@iu.edu.



References

Bandalos, D.L., Yates, K. & Thorndike-Christ, T. (1995). Effects of math self-concept, perceived self-
efficacy, and attributions for failure and success on test anxiety. Journal of Educational Psychology, 87,
611-623. d0i:10.1037/0022-0663.87.4.611

Black, P. & Wiliam, D. (2009). Developing the theory of formative assessment. Educational Assessment,
Evaluation and Accountability, 21(1), 5-31. doi:10.1007/s11092-008-9068-5

Chapell, M.S., Blanding, Z.B., Silverstein, M.E., Takahashi, M., Newman, B., Gubi, A. & McCann, N. (2005).
Test anxiety and academic performance in undergraduate and graduate students. Journal of Educational
Psychology, 97, 268. d0i:10.1037/0022-0663.97.2.268

Cheraghian, B., Fereidooni-Moghadam, M., Baraz-Pardejani, S. & Bavarsad, N. (2008). Test anxiety and
its relationship with academic performance among nursing students. Knowledge & Health, 3(3—4), 25—
29.

DeVaney, T.A. (2010). Anxiety and attitude of graduate students in on-campus vs. online statistics
courses. Journal of Statistics Education, 18(1), 1-15.

Evans, C. (2013). Making sense of assessment feedback in higher education. Review of Educational
Research, 83, 70-120. doi:10.3102/0034654312474350

Gikandi, J.W., Morrow, D. & Davis, N.E. (2011). Online formative assessment in higher education: A
review of the literature. Computers & Education, 57, 2333-2351. doi:10.1016/j.compedu.2011.06.004

Hattie, J., Biggs, J. & Purdie, N. (1996). Effects of learning skills interventions on student learning: A
meta-analysis. Review of Educational Research, 66, 99-136. doi:10.3102/00346543066002099

Hattie, J. & Jaeger, R. (1998). Assessment and classroom learning: A deductive approach. Assessment in
Education, 5,111-122. doi:10.1080/0969595980050107

Iranfar, S., Khoshnoudi, R., Rezaei, M., Ahmadi, S., Khoshay, A., Rashiditabar, A. & Kashani, M. (2014).
The relationship between test anxiety and academic performance of students in vital statistics course.
Educational Research in Medical Sciences Journal, 2(2), 35-38.

Nicol, D.J. & Macfarlane-Dick, D. (2006). Formative assessment and self-regulated learning: A model and
seven principles of good feedback practice. Studies in Higher Education, 31, 199-218.
doi:10.1080/03075070600572090

Nie, Y., Lau, S. & Liau, A.K. (2011). Role of academic self-efficacy in moderating the relation between task
importance and test anxiety. Learning and Individual Differences, 21, 736-741.
doi:10.1016/j.lindif.2011.09.005

Onwuegbuzie, A.J. (2000). Statistics anxiety and the role of self-perceptions. The Journal of Educational
Research, 93, 323-330. doi:10.1080/00220670009598724

Onwuegbuzie, A.J. (2004). Academic procrastination and statistics anxiety. Assessment & Evaluation in
Higher Education, 29, 3-19. doi:10.1080/0260293042000160384



Onwuegbuzie, A.J., Da Ros, D. & Ryan, J.M. (1997). The components of statistics anxiety: A
phenomenological study. Focus on Learning Problems in Mathematics, 19(4), 11-35.

Onwuegbuzie, A.J. & Seaman, M.A. (1995). The effect of time constraints and statistics test anxiety on
test performance in a statistics course. The Journal of Experimental Education, 63, 115-124.
doi:10.1080/00220973.1995.9943816

Onwuegbuzie, A.J. & Wilson, V.A. (2003). Statistics anxiety: Nature, etiology, antecedents, effects, and
treatments—A comprehensive review of the literature. Teaching in Higher Education, 8, 195—209.
doi:10.1080/1356251032000052447

Roediger, H.L. & Butler, A.C. (2011). The critical role of retrieval practice in long-term retention. Trends
in Cognitive Sciences, 15, 20-27. doi:10.1016/j.tics.2010.09.003

Shapiro, A.L. (2014). Test anxiety among nursing students: A systematic review. Teaching and Learning
in Nursing, 9, 193-202. doi:10.1016/j.teln.2014.06.001

Wiliam, D. (2011). What is assessment for learning?Studies in Educational Evaluation, 37(1), 3—14.
doi:10.1016/j.stueduc.2011.03.001

Zeidner, M. (1991). Statistics and mathematics anxiety in social science students: Some interesting
parallels. British Journal of Educational Psychology, 61, 319-328. do0i:10.1111/j.2044-
8279.1991.tb00989.x



