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Executive summary 
 

Overview of Mastering Biology 

This study investigates the efficacy of Mastering Biology, an online tutorial, homework and assessment 

tool for undergraduate biology education. In the context of a foundational biology course at a public 

university, the study examines how engagement with Mastering Biology homework assignments relates 

to performance in course exams.  

 

Mastering Biology homework assignments are assembled from a bank of questions and problems in a 

variety of formats that provide students with the practice needed to master foundational concepts and 

skills in biology. Many questions are accompanied by optional hints. Students get immediate feedback 

as they answer each question. They can use this feedback to try the question again. These features of 

Mastering Biology’s homework assignments align with several learning science principles, suggesting 

their use should be associated with improved learning and higher scores in course exams. 

Student retention in science, technology, engineering and math 

Despite a large number of students entering college to major in science, technology, engineering and 

math (STEM) fields, reports suggest that STEM positions in both industry and government sectors 

remain hard to fill (Bureau of Labor Statistics, May 2015). Studies indicate that as many as 40% of 

students intending to major in science or engineering eventually select a different major or drop out of 

college. Although a number of factors are likely to be at work, one reason presented is the difficulty of 

STEM courses that often lack adequate support for students struggling with their coursework (Drew, 

November 4, 2011). Mastering Biology addresses these issues by providing learners with an online 

learning environment that is rich in support, setting them up for successful completion of their biology 

course.  

Intended outcomes and study sample 

The primary goal of this study was to assess the relationship between Mastering Biology use and 

student learning. The two measures used were student engagement on the Mastering Biology platform 

(time spent, hints used and average score on the homework assignments) and achievement in the 

course exams. Average course exam scores were calculated based on three interim exams throughout 

the semester and a final exam at the end of the semester.  

 

This study was carried out during the Spring 2017 semester in a foundational biology course focused on 

Mendelian and population genetics, evolution and ecology. The course was taught by a single instructor 

in a North American, state-related, land-grant doctoral university. The course provides a foundation for 

subsequent core and advanced courses in the university’s Department of Biology. About 230 students 
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were enrolled in this course in Spring 2017, and approximately 150 students agreed to participate in the 

study. Mastering Biology was primarily used for homework assignments. 

Research questions 

1. What are the student factors (e.g. prior achievement, full-time status, STEM major, test anxiety 

and confidence in course, parent education, Mastering Biology usage patterns) that are related 

to student achievement? 

2. To what extent are Mastering Biology usage patterns throughout the course (e.g. time spent, use 

of hints, progress in homework assignments, etc.) related to student achievement? Is the 

relationship robust after controlling for student characteristics? 

 

Key findings 

Based on results from a regression model, being a student with a prior grade point average (GPA) of at 

least 3.5 on a 4.0 scale before Spring 2017 as well as being a full-time student were both significantly 

related to higher average exam scores, while high levels of test-taking anxiety was related to a decrease 

in academic performance.  

 

Looking at the relationship between Mastering Biology platform variables and achievement, the 

following claim can be made:  
Averaging at least 90% or better on Mastering Biology homework assignments is associated with a 9% 
increase in exam scores.  

Students on this course were allowed multiple hints and multiple attempts on the homework 

assignments. This may account for the high average scores for Mastering Biology homework, as well as 

the fact that only very high homework performance (i.e. in the 90% or better range) was associated with 

higher exam scores. So, through multiple attempts and availability of hints, students may have been 

able to earn relatively high homework scores without necessarily mastering course content, and 

perhaps only the highest performers ultimately mastered the content material. Future research should 

examine this hypothesis.  

 

We also found that total time spent on the platform and the number of hints accessed by a learner 

were not significantly related to exam scores. One limitation of the measure of time spent used in this 

study is that cannot distinguish between active time spent engaged in the course materials versus idle 

time simply logged into Mastering Biology, which could explain the null finding. In addition, it may be 

that spending more time on homework and requesting more hints, by themselves, are not enough to 

ensure mastery of the course material. Struggling learners who are conscientious may spend more time 

and request more hints than learners with a good grasp of the material. But low-performing learners 
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who are not conscientious may not be motivated enough to spend extra time and open hints. This is 

another area for future research to explore. 

Limitations 

This study has a number of limitations. First, the research design only allows us to make correlational 

claims and not causal claims about Mastering Biology and achievement. We therefore cannot know 

whether higher achievement in Mastering Biology homework assignments would actually lead students 

to improve their achievement in their course exams or whether another factor is at play. In light of the 

fact that we could not account for all possible confounding factors, we cannot rule out the influence of 

all the confounding factors on students’ achievement in the course. The study also used data from only 

one biology course in a single semester at one university, with the instructor implementing Mastering 

Biology tailored to her course. This limits the potential generalizability of the findings to a different 

setting. 

Recommendations and next steps 

The findings from this study are a step towards understanding how the use of Mastering Biology is 

associated with student achievement. One direction for future research suggested by the findings of 

this study is to examine whether other types of interaction can affect student achievement. In this 

study, we only examined the number of hints and time spent in Mastering Biology, alongside the 

student’s average score across all the homework assignments given by the instructor in the course. As 

mentioned earlier, a problem with the time spent data is that we cannot differentiate between time 

actively engaged or simply logged in. There may be other types of interaction within Mastering Biology 

that could be a more accurate measure of a student’s level of engagement, such as the number of 

solution checks requested by students while completing homework assignments. This data wasn’t 

available for this study. 

 

Further studies on Mastering Biology could also make use of more robust research methods. For 

example, they could use an experimental or quasi-experimental research design to allow for a causal 

examination of the relationships among variables. This could assess whether a change in one platform 

variable causes a change in an achievement outcome measure. They could also focus on a larger 

sample across many schools and instructors so that the results would generalize more broadly. Finally, 

they could control for a wider array of student variables to more thoroughly adjust for confounding 

factors that might also influence achievement in a biology course other than use of Mastering Biology. 
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Introduction 

Background foundational research 

 

This study investigates the efficacy of Mastering Biology, an online tutorial, homework and assessment 

tool for use in undergraduate biology education. The study specifically examines the relationship 

between students’ engagement with and performance in Mastering Biology homework assignments 

and performance in independent course exams.  

 

Mastering Biology homework assignments are based on a large bank of assessment items in a variety of 

formats, including multiple choice and matching questions, concept mapping and diagram labeling 

exercises. Many questions are accompanied by optional hints to help students who might be struggling. 

Students receive immediate, response-specific feedback. Instructors can allow students to re-attempt 

questions they answer incorrectly, so that students can use the feedback to try again. The optional 

hints, response-specific feedback and multiple attempts in Mastering Biology homework are intended 

to provide a personalized learning experience that helps students learn from their mistakes and achieve 

mastery of biology concepts and skills at their own pace. This student-centered approach to learning 

generally aligns with the recommendations made by the American Association for the Advancement of 

Science’s Vision and Change in Undergraduate Biology Education (2011). 

 

Key features of the research into learning design for Mastering Biology 

The features of Mastering Biology homework assignments embody several learning science principles, 

such that engagement with and performance in Mastering Biology homework should facilitate learning 

and be positively associated with performance in course exams, even after controlling for several 

variables that are likely to affect exam performance. We will now briefly review these principles. 
 

Active, constructive and interactive learning 

Mastering Biology homework assignments embody what are known as active, constructive and interactive 

approaches to learning (Chi, 2009). Each of these approaches has been shown to be more effective for 

learning than passive approaches, in which a learner’s sole activity is the intake of information (e.g., 

listening to a lecture). Active learning is characterized by doing something during learning, and it ranges 

widely from taking notes during a lecture to searching a textbook for information to handling lab 

equipment. Constructive learning refers to activities in which a student produces a novel idea or other 

output that goes beyond previously encountered information, for example the solution to a novel 

problem. Interactive learning involves a back-and-forth interaction between the student and another 

‘intelligent entity’, either another person or an intelligent tutoring system. Research demonstrates that 



 
 
 
 
 
 
 

 
 

 

 

8 
 
 

each of these approaches to learning is more effective than passive approaches, with efficacy increasing 

as learning activities progress from active to constructive to interactive forms (Chi, 2009).  
 

Mastering Biology homework assignments support active, constructive and interactive approaches to 

learning. For active learning, students perform a range of actions to answer questions and solve 

problems, such as visually scanning diagrams, consulting the textbook or working through problems 

with pencil and paper. For constructive learning, students solve novel problems, for example by creating 

a concept map or predicting the outcome of a hypothetical experiment. Finally, for interactive learning, 

students are given hints and feedback that they can consider and incorporate into their learning — this 

is also the case for further attempts on incorrectly answered problems.  
  

Testing effects 

Being tested on information improves learning and memory more than simply reviewing that same 

information (e.g., by rereading the textbook or reviewing notes). This testing effect is a well-established 

psychological phenomenon, having been demonstrated in a large number of laboratory and classroom 

settings (Roediger & Karpicke, 2006). Testing is believed to support learning by requiring retrieval of 

information from memory, thereby strengthening the ability to remember that information later. 

Mastering Biology homework requires such memory retrieval, both in answering questions that require 

basic recall of facts and in solving novel problems, which themselves require recalling foundational 

information necessary to develop a solution to the problem. Engaging in Mastering Biology homework 

assignments, therefore, should produce testing effects that enhance memory and promote higher 

scores in subsequent exams. 

 

It is important to note that the testing effect requires the successful retrieval of correct information, 

because memory for correct information cannot be strengthened if incorrect information or no 

information is retrieved (Roediger & Butler, 2011). Students who successfully retrieve correct 

information are more likely to answer a question correctly than students who do not retrieve correct 

information, meaning that students who perform better on homework assignments should experience 

greater testing effects and should perform better in subsequent exams. This would include students 

who initially respond to a question incorrectly but successfully retrieve correct information when they 

try the question again. In this way, re-attempting a question initially answered incorrectly until the 

correct response is determined can promote learning. Consistent with this idea, research suggests that 

testing effects are enhanced when memory retrieval takes more effort (Pyc & Rawson, 2009).  
 

Feedback 

Providing students with feedback on their performance is an important component of learning and, in 

fact, is a major component of interactive learning. At a minimum, feedback must indicate to the student 
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whether a response is correct or incorrect. Research on the testing effect has shown that, although the 

benefits of testing can be achieved without feedback, providing the correct answer enhances learning, 

particularly for questions that were answered incorrectly (Roediger & Butler, 2011). In line with this 

principle, Mastering Biology homework assignments reveal the correct answers to students at the 

completion of each assignment. Additional research has shown that feedback that explains or 

otherwise elaborates on the correctness of a response is more effective than feedback that indicates 

only correctness (Schute, 2008; Van der Kleij, Feskens, & Egge, 2015). Mastering Biology provides this 

type of elaborative, response-specific feedback immediately after a student responds to each question 

— for example, feedback might explain why the chosen response is incorrect or direct the student’s 

attention to a particularly important component of the question. This feedback can guide a re-attempt 

of the question, helping students learn from their mistakes.  

 

Figure 1: A multiple-choice question in Mastering Biology 

 

  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Note: The optional hint is revealed above the question. An incorrect response has been chosen, and elaborative, response-

specific feedback is provided below the question. 

Scaffolding 

Many Mastering Biology questions provide optional hints that students can consult when struggling to 

answer a question. These hints are a form of scaffolding that gives students support to help them 
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achieve what they otherwise might not be able to achieve. Such scaffolding in technology-enhanced 

learning environments shows substantial promise for improving student learning (Sharma & Hannafin, 

2007; Reiser, 2004). According to Reiser (2004), scaffolding can serve two main functions: structuring 

and problematizing. A structuring scaffold simplifies a complex or open-ended problem, while a 

problematizing scaffold encourages students to notice unresolved issues or engage with complexity 

that they might otherwise overlook.  

 

Mastering Biology hints include both structuring and problematizing scaffolds. For example, there are 

structuring scaffolds when reminding students of key information or indicating the first step to take in 

solving a problem (e.g., a hint that states: “Consider the enzyme’s name to deduce its function.”). There 

are problematizing scaffolds in the form of leading questions that encourage students to grapple with 

relevant complexity or to notice key ideas (e.g., a hint that asks: “What is accomplished when a gene is 

cloned?”) Some problematizing scaffolds in Mastering Biology pose questions that accept student input 

in response and provide their own response-specific, elaborative feedback. See Figure 1 for an example 

of a hint that provides structuring scaffolding. 

 

In light of Mastering Biology’s alignment with these learning science principles, we hypothesize that 

engagement with Mastering Biology supports learning and, as a result, should be associated with higher 

scores in biology course exams1. In this study, Mastering Biology measures include time spent logged 

into the platform, students’ use of hints, and homework scores. There is reason to believe that 

increases in these measures should capture, in part, greater learning due to the learning science 

principles reviewed above.  

 

First, although time logged into the platform is a coarse measure of engagement (i.e., a student can be 

engaging in any number of activities while logged in), it stands to reason that, on average, a student 

who spends more time engaging with Mastering Biology questions, hints and feedback will be logged in 

for more time than a student who spends less time engaging with these features. Next, students who 

access more hints experience a greater degree of scaffolding and, when using the hints to modify their 

approaches to problems, engage in constructive learning. Finally, higher scores in homework 

assignments can be driven not only by students’ mastery of content before attempting the homework 

but also by students’ development of mastery while completing the homework. Most students will not 

be able to answer all questions correctly on the first try. However, a student who successfully re-

attempts a question is more likely to have benefitted from the response-specific feedback and 

successful memory retrieval (i.e., testing effect) than a student who fails on another attempt or does not 

re-attempt the problem.  

                                                
 
1 As discussed below, this study uses a correlational design, so any associations observed cannot be taken to imply causation. 
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Therefore, higher homework scores should be driven, in part, by successful re-attempts of questions, 

which themselves should promote learning. In fact, this is a key component of Mastering Biology: 

supporting each student’s development of mastery through re-attempting questions until they can 

answer those questions successfully. 
 
 

The present study 

The primary goal of this study was to assess the relationship between use of Mastering Biology, as 

determined by student engagement on the Mastering Biology platform, and student learning, as 

measured by student achievement in course exams. Additionally, the current study examines the extent 

to which student characteristics and psychological factors, such as test-taking anxiety and confidence, 

are related to academic performance. 

 

This study examines Mastering Biology platform use in a Spring 2017 foundational biology course 

focused on organismal biology, and it addresses the following research questions: 

What are the student factors (e.g. prior achievement, full-time status, STEM major, test anxiety and 

confidence in course, parent education, Mastering Biology usage patterns) related to student 

achievement? 

To what extent are Mastering Biology usage patterns throughout the course (e.g. time spent, use of 

hints, progress in homework assignments, etc.) related to student achievement? Is the relationship 

robust after controlling for student characteristics? 

 

A range of student factors are known to be associated with student achievement. This study aimed to 

identify the unique contribution of Mastering Biology use to student achievement, independent of other 

confounding factors known to be related to student achievement. We did this by collecting data on, and 

adjusting (or statistically controlling) for, as many extraneous factors as possible that might affect 

student achievement. Controlling for these extraneous factors would reduce bias in the analytic models 

which, in turn, would not only strengthen the models but also further support the validity of any claims 

we can make about the use of Mastering Biology.  

 

Two important confounding factors that we were able to control for in the analysis were students’ 

socioeconomic status, as measured by parent education, and prior achievement, as measured by 

student grade point average (GPA) prior to Spring 2017 (What Works Clearinghouse, 2016). This design 

is similar to the case-control design frequently used in health studies, where one statistically controls 

for additional factors that might influence the outcome.  
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Our main hypothesis was that higher use of Mastering Biology, as reflected in greater level of student 

engagement, would be linked to higher achievement in course exams. The logic behind our hypothesis 

is that increased engagement in Mastering Biology could provide students greater exposure, deeper 

processing, and mastery of biology content as they complete the homework assignments. This would 

result in greater performance in course exams. We also hypothesize that performance in Mastering 

Biology homework would be positively associated with achievement in the course exams. It is plausible 

that when students master the course materials, as reflected in their performance on the homework, 

they will also tend to perform better in exams.  

 

Furthermore, we believe that psychosocial factors such as test-taking anxiety and confidence may have 

some significant relations to performance. For example, high levels of test-taking anxiety can be related 

to poor academic performance (Cassady & Johnson, 2002; Hembree, 1988) while high levels of 

confidence in academic abilities may be related to increased performance on exams (Multon, Brown, & 

Lent, 1991; Pajares, 1996). However, the magnitude of the relations between these psychosocial factors 

and educational performance would not be as large as the relations between Mastering Biology use and 

exam scores. 
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Method 
 

This study examined the association between the use of Mastering Biology and students’ achievement 

in course exams after controlling for confounding student characteristics that might affect achievement, 

such as socioeconomic status and prior achievement. Mastering Biology was used by the instructor in 

this study for homework assignments. We measured students’ Mastering Biology use through 

performance in homework assignments, number of assignments for which students asked for hints and 

the total time spent.  

Participants 

This study was carried out during the Spring 2017 semester in a foundational biology course focused on 

Mendelian and population genetics, evolution and ecology, which was taught by a single instructor in a 

North American, state-related, land-grant doctoral university. The course provides a foundation for 

subsequent core and advanced courses in the university’s Department of Biology. About 230 students 

were enrolled in the course in Spring 2017, and approximately 150 students consented to participate in 

the study. Of the students who agreed to take part, none indicated they took the class under the 

pass/fail option.  

 

About 59% of the students reported that their parents had at least 16 or more years of schooling (i.e., 

greater than a BA), and about 43% of the students had a grade point average of at least 3.5 before the 

start of the Spring 2017 term. Figure 2 shows the characteristics of the students enrolled in the course.  
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Figure 2: Characteristics of students enrolled in the foundational biology course 

 

 

 
 
*Note: High Technological Comfort refers to being a nine or ten on a ten-point scale when asked about being comfortable with 

technology. 

 

Data collection 

The study used a mixed-methods design, with data collected from the students, instructor, institution 

and Pearson. Students who agreed to take part were asked to complete a survey in the middle and at 

end of the semester. The instructor provided data on student performance, such as course grades. The 

transcript office at the university provided student identifiers (i.e. first name, last name and email) for 

students who took part. The office also provided de-identified data on student performance on all prior 

courses along with a key to link the student transcript data with the other sources of data. Platform use 

data was taken from the Pearson database.  
 

Survey data from the students, course grade data from the instructor, transcript data from the 

institution and platform use data from Pearson were then merged by Pearson. For details on the 

sample sizes that resulted from the data merge and the final samples used for the analyses, please see 
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Appendix A. 

 

Data on student characteristics 

For this study, the survey provided data on the highest level of education attained by either parents (in 

years), if the student was a full-time student, if the student was a STEM major, if the student was in their 

first year in college, and if the student was comfortable with technology.  

 

The institution also provided data on student performance in every class taken before Spring 2017, 

which was used to create a measure of prior achievement. However, only letter grades for each course 

were provided. These letter grades were converted to numeric grades (A=4.0, B=3.0, C=2.0, D=1.0, and 

F=0.0) and averaged to obtain the students’ prior GPA. Students who had an average greater than 3.5 

were considered high-achieving students. It is important to note that only these five letter-grade options 

were available — finer distinction of the letter-grades (e.g. A-, B+, C-, etc.) was not used at this 

institution. If a letter-grade was not provided for a class that a student took before Spring 2017 (e.g. 

class taken as pass/fail, withdrawn, incomplete, etc.), performance in that class was not used to 

calculate the measure of prior achievement. 
 

Data on exam grades  

During the semester, the instructor administered three interim exams and one final exam. The average 

exam score used as the outcome measure for the current study was weighted based on the weight 

given to each exam by the instructor. The interim exams were worth 75 points while the final exam was 

worth 100 points. Further details of the exams (such as exam format and timing) are provided in the 

course syllabus (see Appendix B). Figure 3 shows the distribution of weighted average exam grades for 

students on the course. The mean weighted average exam score was 72.32 points with a standard 

deviation of 11.84. 
 

 

 

 

 

 

 



 
 
 
 
 
 
 

 
 

 

 

16 
 
 

Figure 3. Weighted average exam scores of students enrolled in the foundational biology course 

 

Mastering Biology platform data 

Mastering Biology was used by the instructor throughout the course for homework assignments. 

Platform data on Mastering Biology provided measures of both student performance on homework 

assignments as well as students’ engagement within Mastering Biology. The level of engagement in 

Mastering Biology was measured by the number of assignments for which a student requested a hint 

and the total time spent on the platform. Figure 4 shows the descriptive statistics for Mastering Biology 

use and the average score for homework assignments. It is important to note that there was no penalty 

or bonus when requesting hints — students could request them whenever they were needed.  

 

The platform average score was derived by averaging the scores that students received for all 

assignments given by the instructors in the course. If the student did not have a score for that 

assignment in the platform data, the student was assigned a score of 0, indicating that the student did 

not complete that assignment. Scores were only given for homework assignments submitted on time. 

Assignments consisted of a variable number of questions per assignment, and the student could have 

either three or six attempts to achieve the correct answer (depending on the question). Assignments 

also included pre-lecture tutorial questions from the Dynamic Study Module that were scored on 

completion rather than performance. On average, students scored 82.18% (SD = 8.85) on the platform. 

 

‘Total hints’ is a measure of how many assignment problems students requested hints for. The number 

of hints is a conservative measure of the number of hints a student requested throughout the semester 

because students can request multiple hints during a particular assignment. Students were not 
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penalized for requesting additional hints when solving homework questions. On average, students 

requested hints on 11.85 assignments (SD = 9.71). 

 

‘Total time on platform’ reflects the total time students spent logged into Mastering Biology. On average, 

students spent about 19.85 hours (SD = 11.02) on the platform throughout the semester. This variable 

did not differentiate between the time students spent actively engaged in the course content while 

logged in and when the students were logged in but not engaged. For this reason, results regarding the 

total time spent in Mastering Biology should be viewed with caution. 

 

Figure 4: Mastering Biology descriptive statistics based on platform data 
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Psychosocial student characteristics 
 

Test-taking anxiety 

In the student survey administered in the middle of the semester, students reported their test-taking 

anxiety (three items, α=.90) on a scale from 1 to 7. A sample item is: “I am so nervous during a test that I 

cannot remember facts I have learned”. Higher values indicate higher levels of test-taking anxiety. Mean 

test-taking anxiety was 4.11 out of 7 with a standard deviation of 1.76. 

 

Confidence 

Students reported confidence in their knowledge and skills in the current biology course (three items, 

α=.85) on a scale from 1 to 6, Responses to items were averaged to create a composite measure with 

higher values indicating higher levels of confidence. An example items is: “Think critically and 

analytically”. Mean confidence was 3.64 out of 6 with a standard deviation of 1.19. 

 

Figure 5 presents the descriptive statistics for each scale. The detailed process for how each scale was 

created and the full set of items is detailed in Appendix C. 

 

Figure 5: Psychosocial student characteristics 
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Analysis method 

A set of ordinary least squares (OLS) regressions were conducted to assess the relationship between 

Mastering Biology use and student achievement, as measured by performance in course exams. To 

better assess the relationship between Mastering Biology and exam scores, two different specifications 

of performance on Mastering Biology were used. The first model uses a continuous specification of 

platform score while the second model categorized students based on their platform average scores to 

explore potential non-linear relations between Mastering Biology and achievement.  

 

A second model explores potential non-linear relations due to the distributions of the Mastering Biology 

platform score (Figure 4) as well as the scatterplot indicating the relationship between the weighted 

average exam scores and the average homework (platform) scores (Figure 6). The scatterplot shows 

that the relationship between exam scores and homework scores can be linear, but it is certainly not 

clear-cut. In addition, the scatterplot also shows that homework scores were at the higher end of the 

range (all except one student scored 60% or higher), thereby limiting our ability to find a clear-cut, linear 

relationship.  
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Figure 6: Scatterplot of the relationship of the exam scores to the average homework (platform) 

scores 

 

 
 
To account for student factors that could influence this relationship, student demographic information and 
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Results 

 

Mastering Biology platform use and average exam scores 

Table 1 shows the results from the OLS regressions that examine the relationship between Mastering 

Biology platform use and exam scores (for the standardized coefficients, please refer to Appendix D). 

The table also shows the relationship between the baseline student characteristics (including student 

psychosocial characteristics) and exam scores that were considered in the model.  

 

To address the main goal of the study, we want to know if any of the platform variables that measured 

use of Mastering Biology are significantly associated with achievement in the course exams. In the 

analysis, students’ baseline characteristics were included in the model to take into account prior 

differences. The average Mastering Biology score and average exam score were measured in 

percentage points. Column 1 explores a linear relationship between average Mastering Biology platform 

score and exam scores. However, given that Figure 6 seems to indicate that it is not a clear-cut, linear 

relationship, Column 2 further explores the possibility of a non-linear relationship. 

 

Table 1: OLS results with the average exam scores as the outcome measure 

 

 (1) (2) 

Platform Variables   

Average score 0.299+ 

(0.161) 

 

Average score  

(<70% = baseline category) 

  

70-79%  -2.688 

(3.117) 

80-89%  1.163 

(3.003) 

90-100%  9.397* 

(4.022) 

Total time -0.096 

(0.110) 

-0.115 

(0.106) 

Hints 0.141 

(0.117) 

0.159 

(0.116) 

Student Characteristics   

Highest level of education by either parents 0.373 0.413 
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(years) (0.481) (0.494) 

High-achieving student (prior GPA of 3.5+) 5.244* 

(2.407) 

5.239* 

(2.183) 

Is a full-time student 11.719** 

(4.407) 

10.922** 

(3.926) 

Is a STEM major -3.057 

(2.088) 

-3.773+ 

(2.034) 

Is a freshman 1.237 

(1.871) 

1.382 

(1.830) 

Has High Technological Comfort (9 or 10 out of 

10) 

-1.487 

(1.991) 

-1.892 

(1.835) 

Latent Constructs (Standardized)   

Test-taking anxiety -3.714** 

(1.384) 

-3.920** 

(1.272) 

Confidence 1.295 

(1.333) 

1.040 

(1.267) 

Constant 31.893+ 

(16.739) 

56.114*** 

(8.351) 

R2 0.464 0.517 

Observations 106 106 

 
Note. Standard errors in parentheses 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 

 

Column 1 of Table 1 found certain student characteristics were related to exam performance. 

Specifically, being a student with a prior GPA of at least 3.5 before Spring 2017 and being a full-time 

student were both significantly related to higher average exam scores. Additionally, high levels of test-

taking anxiety was related to a decrease in academic performance. A standard deviation increase in 

test-taking anxiety is related to a 3.71% decrease in exam scores.  

 

Considering the main goal of the study around Mastering Biology platform use, there are no significant 

relations between platform use and average exam scores. The relationship between the average 

platform score on Mastering Biology and exam scores was also not significant, though it is approaching 

significance (p=.066). This could possibly be due to a non-linear relationship between the Mastering 

Biology platform scores and exam scores. Figure 6 seems to indicate the linear relationship is not clear-

cut. 
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Figure 4 also shows a highly skewed distribution of average scores for Mastering Biology. The average 

score was 82% with the middle 50% of students scoring between 77% and 88%. This high average can 

perhaps be attributed to how Mastering Biology was implemented by the instructor. The instructor did 

not penalize students for asking for hints and allowed students three or six chances (depending on the 

question) to correctly answer questions on the Mastering Biology homework. Having multiple chances 

could be part of the effort to encourage the students to practice. Furthermore, the instructor assigned 

many pre-lecture tutorial questions from the Dynamic Study Module that were scored based on 

completion rather than performance. Because students were afforded multiple chances to correctly 

solve their homework questions, it is possible that students could score highly on the homework 

without learning the course materials. Hence, the relationship between average Mastering Biology 

scores and exam scores might not be clear-cut and linear. 

 

Our suspicion of a non-linear relationship between Mastering Biology platform scores and exam scores 

is further investigated. Column 2 of Table 1 examines a regression model similar to that in Column 1 

but, instead of exploring a linear relation between average Mastering Biology platform scores, it 

explores a potential non-linear relation. Students are grouped into different categories based on their 

average platform score, with students scoring less than 70% serving as the reference group for 

comparison (i.e. students scoring from 70 to 79% are compared to the less-than-70% group, students 

scoring from 80 to 89% are compared to the less-than-70% group, etc).  

 

Similar to the results in Column 1, being a student with a prior GPA of at least 3.5 before Spring 2017 as 

well as being a full-time student were both significantly related to higher average exam scores. Higher 

levels of test-taking anxiety was related to a decrease in academic performance. A standard deviation 

increase in test-taking anxiety is related to a 3.92% decrease in exam scores. When considering the 

relations between Mastering Biology platform use and exam scores, there were no significant relations 

between total time and hints on average exam score. 

 

However, when examining the relations between scores on Mastering Biology and exam scores, there is 

evidence of a significant non-linear relationship. Students who scored at least 90% or more on the 

platform were associated with a 9.4% increase in exam scores compared to students who scored less 

than 70% on the platform. Interestingly, students who scored between 70 and79% or 80 and 89% on the 

Mastering Biology platform did not significantly outperform students who scored less than 70% on the 

platform. Results suggest that students need to score above a certain threshold for Mastering Biology 

to be significantly associated with exam scores.  

 

A Wald test for the joint significance of the four categories shows that they are not equal to each other 

(p=.005) and are not equal to zero (p=.013). Additional analysis was conducted where the reference 

category from the model in Column 2 of Table 1 (less than 70% on the platform) was switched to 
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between 70 and 79% (Appendix Table E1), 80 and 89% (Appendix Table E2) and 90% or more (Appendix 

Table E3). The results indicate that there are no significant differences between the less-than-70% 

group, the 70-79% group and the 80-89% groups — only the 90% or more group is associated with 

higher average exam scores. Figure 7 presents a visual representation of the relationship between 

average platform score and expected average exam scores based on students’ performance on 

Mastering Biology. 

 

Figure 7: OLS results with average exam scores as the outcome measure 

 

Implications for claims about platform variables and outcomes 
Based on the OLS results in Table 1, the following claim about platform variables and achievement can be 
made: 

 Averaging at least 90% or better on Mastering Biology homework assignments is associated with a 

9% increase in exam scores.   
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Discussion 
 

The main goal of this study is to determine the relationship between student use of Mastering Biology 

and achievement in a foundational biology course at a North American, state-related, land-grant 

doctoral university. To support the validity of the relationship, the study accounts, and statistically 

controls, for many important student factors that can influence the relationship between Mastering 

Biology use and achievement, such as socioeconomic status and prior achievement. The study also 

accounts for certain student psychosocial characteristics, such as test-taking anxiety and confidence in a 

course that might potentially have an impact on achievement. 

 

The study finds that certain student factors were related to exam scores. Specifically, being a high 

achieving student as well as being a full-time student were both significantly related to higher average 

exam scores. Higher test-taking anxiety was related to a decrease in academic performance. 

 

Taking into account these important student factors, the study hypothesized that higher engagement in 

Mastering Biology, as measured by increased performance, time and hints requested, would have a 

significant positive relation with academic performance. For example, an increased use of hints could 

potentially help students revisit the fundamental steps required to think critically before solving a 

problem. Similarly, if students were mastering the course content as reflected in their performance on 

the Mastering Biology homework assignments, it is hypothesized that they could also perform just as 

well in the exams.  

 

The results did not fully support the hypotheses. No significant relationships were found between hints 

and time spent in Mastering Biology and exam scores. The relationship between the average score on 

Mastering Biology homework assignments with exam scores was found to be non-linear. Specifically, we 

found that the average score in Mastering Biology was positively and significantly associated with 

average exam scores only if a student scored at least 90%. This non-linear relationship can perhaps be 

attributed to how the instructor implemented Mastering Biology in her course. Students were allowed 

multiple hints and multiple attempts on the homework assignments and were given credit for 

completing pre-lecture tutorial questions in the Dynamic Study Module. This may account for the high 

average scores on Mastering Biology homework, as well as the fact that only very high homework 

performance (i.e. in the 90% or more range) was associated with higher exam scores. The implication is 

that, through multiple attempts and availability of hints, students may have been able to earn relatively 

high homework scores without necessarily mastering the course content, and perhaps it was only the 

highest performers who ultimately mastered the content. Future research should examine this 

hypothesis.  
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We also found that total time spent on the platform and the number of hints accessed by a learner 

were not significantly related to exam scores. One limitation of the measure of time spent used in this 

study is that it cannot distinguish between active time spent engaged in the course materials versus idle 

time spent simply logged into Mastering Biology, which could explain the null finding. In addition, it may 

be that spending more time on homework and requesting more hints, by themselves, are not enough 

to ensure mastery of the course material. Struggling learners who are conscientious may spend more 

time and request more hints than learners with a good grasp of the material. But low-performing 

learners who are not conscientious may not be motivated enough to spend extra time and open hints. 

This is another area for future research. 
 

Limitations 

This study has a number of limitations. First, the research design only allows us to make correlational 

claims and not causal claims about Mastering Biology and achievement. We, therefore, cannot know 

whether higher achievement in Mastering Biology homework assignments would actually lead students 

to improve their achievement in their course exams or whether another factor is at play. Because we 

could not account for all possible confounding factors, we are not able to rule out the influence of these 

on students’ achievement in the course. Additionally, the control variables used in the models could be 

strengthened. Among others, the models would benefit from a better measure of prior adjustment and 

socioeconomic status as well as additional demographic controls such as student race and gender. 

Lastly, the study had a small sample size using data from only one biology course in a single semester at 

one university with the instructor implementing Mastering Biology tailored to her course. This limits the 

potential generalizability of the findings for different settings. 
 

Implications of findings for product implementation and further research 

The findings from this study are a step towards understanding how the use of Mastering Biology is 

associated with student achievement. One direction for future research suggested by the findings is to 

examine whether other types of interactions could affect student achievement. In this study, we only 

examined the number of hints and time spent in Mastering Biology, alongside the student’s average 

score across all the homework assignments given by the instructor in the course. A problem with the 

time spent data is that we cannot differentiate between the time when students were actively engaged 

and when they were logged in but not engaged. There may be other types of interaction in Mastering 

Biology that could be a more accurate measure of students’ level of engagement, such as the number of 

solution checks requested by students while completing homework assignments. This data was, 

unfortunately, not available for this study. 

 

Further studies on Mastering Biology could also make use of more robust research methods. For 

example, they could use a more rigorous experimental or quasi-experimental research design where 
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students are randomly assigned to a treatment or control group to allow for a causal examination of 

the relationships among variables — to assess whether a change in one platform variable causes a 

change in an achievement outcome measure. They could also focus on a larger sample across many 

schools and instructors, so that the results to increase generalizability and better understand the 

significant and non-significant relations in the models. Finally, they could control for a wider and more 

robust array of student variables to more thoroughly adjust for confounding factors that might also 

influence achievement. 
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Appendix A. Data merge process and resulting analytic sample 
 

Data file Initial 

N 

Data cleaning step N lost or 

added 

Cleaned N 

Data sources     

Platform data 242 No Issues 0 242 

Gradebook data 228 No Issues 0 228 

Transcript 114 No Issues 0 114 

Consent 152 No Issues 0 152 

Survey data 121 No Issues 0 121 

Initial cleaning      

Clean survey data 121 Drop cases where 

students answered 

survey twice 

4 117 

Clean consent data 152 No Issues 0 152 

Clean platform data 242 No Issues 0 242 

Clean gradebook data 228 No Issues 0 228 

Merge data     

Start with platform data  

(as base dataset) 

242 Drop cases without 

name identifiers or 

platform data 

3 239 

Merge consent to platform 

data 

(merged dataset now called 

master dataset) 

239 Drop cases that do not 

provide consent 
149 matched cases 
93 unmatched cases 
90 from Platform 
3 from Consent 

4 from Survey 

90 149 

Merge survey to master 

data 

 

149 Merge and then drop 

unmatched cases 
113 matched cases 
36 unmatched cases 
36 from Platform 
4 from Survey 

36 113 

Merge gradebook data to 

master data 

113 Merge and then drop 

unmatched cases 
113 matched cases 
115 unmatched cases 
115 from Gradebook 

0 113 
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Merge transcript data to 

master data 

113 Merge and then drop 

unmatched cases 
113 matched cases 
1 unmatched case 
1 from Transcript 

 

0 113 

 Exclusion criteria for 
analysis  

    

Drop cases with missing 

data on student 

characteristics  

113 6 cases missing data on 
if student was a STEM 
major 
1 case missing data on 
Confidence scale 

7 106 
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Appendix B. Course syllabus  
Instructor and institutional identifiers have been removed for confidentiality. 
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Appendix C. Psychosocial factors 
 

Test-taking anxiety 

The test-taking anxiety questions came from the Test Anxiety component of the Motivated Strategies 

for Learning Questionnaire (Pintrich & De Groot, 1990). Students indicated how accurate the following 

three statements regarding their test-taking anxiety were on a scale from 1 to 7, where higher values 

indicate higher levels of anxiety (1 = Not at all true of me; 7 = Very true of me). Responses to items were 

averaged to create a composite measure with higher values indicating higher levels of test-taking 

anxiety. The items were considered highly reliable (α=.8956). 

 

I am so nervous during a test that I cannot remember facts I have learned 

I have an uneasy, upset feeling when I take a test 

When I take a test, I think about how poorly I’m doing 

 

Confidence 

In the same survey, students indicated how accurate the following three statements regarding their 

confidence in the current biology course were on a scale from 1 to 6, where higher values indicate 

higher levels of confidence (1 = Not confident at all; 6= Very confident). Responses to items were 

averaged to create a composite measure with higher values indicating higher levels of confidence. The 

items were considered highly reliable (α=.8472). 
 

1. Write clearly and effectively 

2. Speak clearly and effectively during class 

3. Think critically and analytically 
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Appendix D. Standardized coefficients  

Table D1: OLS standardized results with the average exam scores as the outcome measure 

 

 (1) (2) 

Platform variables   

Average score (standardized) 0.223+ 

(0.120) 

 

Average score  

(<70% = baseline category) 

  

70-79%  -0.227 

(0.263) 

80-89%  0.098 

(0.254) 

90-100%  0.794* 

(0.340) 

Total time (standardized) 0.116 

(0.096) 

0.130 

(0.095) 

Hints (standardized) -0.089 

(0.103) 

-0.107 

(0.099) 

Student characteristics   

Highest level of education by either parents 

(standardized) 

0.087 

(0.112) 

0.096 

(0.115) 

High-achieving student (prior GPA of 3.5+) 0.443* 

(0.203) 

0.442* 

(0.184) 

Is a full-time student 0.990** 

(0.372) 

0.923** 

(0.332) 

Is a STEM major -0.258 

(0.176) 

-0.319+ 

(0.172) 

Is a freshman 0.105 

(0.158) 

0.117 

(0.155) 

Has high technological comfort (9 or 10 out of 

10) 

-0.126 

(0.168) 

-0.160 

(0.155) 

Latent constructs (standardized)   

Test-taking anxiety -0.314** 

(0.117) 

-0.331** 

(0.107) 

Confidence 0.109 0.088 
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(0.113) (0.107) 

Constant -0.881* 

(0.399) 

-0.873* 

(0.429) 

R2 0.464 0.517 

Observations 106 106 
 

Note. Robust standard errors in parentheses 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Appendix E. Table 1 with different reference categories  

 

Table E1: Table 1 with different reference category for Column 2 (average platform score 70-79% as 

reference category) 

 

 (1) (2) 

Platform variables   

Average score 0.299+ 

(0.161) 

 

Average score    

<70%  2.688 

(3.117) 

70-79% (reference category) 

 

 
-- 

80-89%  3.852 

(2.874) 

90-100%  12.086** 

(3.856) 

Total time -0.096 

(0.110) 

-0.115 

(0.106) 

Hints 0.141 

(0.117) 

0.159 

(0.116) 

Student characteristics   

Highest level of education by either parents 

(years) 

0.373 

(0.481) 

0.413 

(0.494) 

High-achieving student (Prior GPA of 3.5+) 5.244* 

(2.407) 

5.239* 

(2.183) 

Is a full-time student 11.719** 

(4.407) 

10.922** 

(3.926) 

Is a STEM major -3.057 

(2.088) 

-3.773+ 

(2.034) 

Is a freshman 1.237 

(1.871) 

1.382 

(1.830) 

Has high technological comfort (9 or 10 out of -1.487 -1.892 
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10) (1.991) (1.835) 

Latent constructs (standardized)   

Test-taking anxiety -3.714** 

(1.384) 

-3.920** 

(1.272) 

Confidence 1.295 

(1.333) 

1.040 

(1.267) 

Constant 31.893+ 

(16.739) 

53.425*** 

(9.097) 

R2 0.464 0.517 

Observations 106 106 
Note. Standard errors in parentheses 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Table E2: Table 1 with different reference category for Column 2 (average platform score 80-89% as 

reference category) 

 

 (1) (2) 

Platform variables   

Average score 0.299+ 

(0.161) 

 

Average score    

<70%  -1.163 

(3.003) 

70-79%    -3.852 

(2.874) 

80-89% (reference category) 

 

 
-- 

90-100%  8.234** 

(2.754) 

Total time -0.096 

(0.110) 

-0.115 

(0.106) 

Hints 0.141 

(0.117) 

0.159 

(0.116) 

Student characteristics   

Highest level of education by either parents 

(years) 

0.373 

(0.481) 

0.413 

(0.494) 

High-achieving student (prior GPA of 3.5+) 5.244* 

(2.407) 

5.239* 

(2.183) 

Is a full-time student 11.719** 

(4.407) 

10.922** 

(3.926) 

Is a STEM major -3.057 

(2.088) 

-3.773+ 

(2.034) 

Is a freshman 1.237 

(1.871) 

1.382 

(1.830) 

Has High Technological Comfort (9 or 10 out of 

10) 

-1.487 

(1.991) 

-1.892 

(1.835) 

Latent constructs (Standardized)   

Test-taking anxiety -3.714** 

(1.384) 

-3.920** 

(1.272) 

Confidence 1.295 1.040 
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(1.333) (1.267) 

Constant 31.893+ 

(16.739) 

57.277*** 

(7.357) 

R2 0.464 0.517 

Observations 106 106 
Note. Standard errors in parentheses 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Table E3: Table 1 with different reference category for Column 2 (average platform score 90-100% as 

reference category) 

 

 (1) (2) 

Platform variables   

Average score 0.299+ 

(0.161) 

 

Average score    

<70%  -9.397* 

(4.022) 

70-79%    -12.086** 

(3.856) 

80-89%   -8.234** 

(2.754) 

90-100% (reference category) 

 

 
-- 

Total time -0.096 

(0.110) 

-0.115 

(0.106) 

Hints 0.141 

(0.117) 

0.159 

(0.116) 

Student characteristics   

Highest level of education by either parents 

(years) 

0.373 

(0.481) 

0.413 

(0.494) 

High-achieving student (prior GPA of 3.5+) 5.244* 

(2.407) 

5.239* 

(2.183) 

Is a full-time student 11.719** 

(4.407) 

10.922** 

(3.926) 

Is a STEM major -3.057 

(2.088) 

-3.773+ 

(2.034) 

Is a freshman 1.237 

(1.871) 

1.382 

(1.830) 

Has high technological comfort (9 or 10 out of 

10) 

-1.487 

(1.991) 

-1.892 

(1.835) 

Latent constructs (standardized)   

Test-taking anxiety -3.714** 

(1.384) 

-3.920** 

(1.272) 

Confidence 1.295 1.040 
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(1.333) (1.267) 

Constant 31.893+ 

(16.739) 

65.511*** 

(7.913) 

R2 0.464 0.517 

Observations 106 106 
Note. Standard errors in parentheses 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 


