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Abstract
Providing students with instantaneous and helpful feedback is essential to their successful acquisition of skills and knowledge in a fast-paced middle school science class.  The purpose of this action research study was to determine the instructional advantages accorded by utilizing QUIA online assignments, as compared to paper worksheets and answer keys, towards meeting student instructional needs and providing appropriate instructor feedback in such a learning environment. QUIA is an online platform that allows students to complete assignments, receive instant feedback, and re-attempt their work.  A random cluster of seventy-nine grade eight students comprised the study sample.  Participants completed three paper-and-pencil assignments and three online QUIA assignments.  The students were instructed to correct and re-attempt each assignment until achieving their best possible score, utilizing resources specific to each assignment delivery method.  Mean, median, and mode scores, as well as overall student completion rates for each assignment were calculated, and QUIA assignment scores were compared to worksheet assignment scores.  Students then responded to a Likert-like survey.  Analyses of the tabulated survey data and corresponding graphs were used to measure student preferences and perceived comparative usefulness of the two methods of assignment delivery.  Analysis of the assignment data and survey responses seemed to indicate that the use of QUIA did not improve student performance according to the specific criteria established in the hypothesis.  However, some survey data seemed to indicate that students in some aspects preferred the use of the QUIA platform, and using QUIA seemed to confer important instructional advantages.  As no test of significance was performed, the results cannot be generalized.
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Introduction

Statement of the Problem


The purpose of this action research study is to determine the instructional advantages accorded by utilizing QUIA online assignments as opposed to traditional paper worksheets and answer keys.  The variables used to make this determination were student completion rate of homework assignments, the rate at which students utilized provided answer keys/feedback to correct their work, student persistence in re-attempting assignments to optimize their scores, final scores on each assignment, and student preferences between the two types of instructional delivery.

Significance of the Problem

The researcher teaches grade eight physical science at a middle school in Massachusetts.  The school serves an affluent community, and the student population in the public schools features predominantly intelligent and highly motivated students of educated parents. The pace with which the classes move through the curriculum is extremely brisk.  In the first few years of teaching the curriculum, the researcher found that, largely as a result of taking class time to go over the answers to previous evening's homework assignments, the researcher’s classes were falling behind the other two grade eight science classes.  As a remedy to this, instead of assigning less homework, the researcher began to provide students with answer keys to the homework assignments, communicating the expectation that they would use the keys to correct their work, not to simply fill in correct answers.  Students were also advised to, as needed, seek help from the researcher before or after school, or to attend test preparation help sessions, with their corrected homework and any questions that they have.  Anecdotally, students had reported that having the answer keys helps them to avoid getting "stuck" on a few problems or abandoning a difficult assignment altogether.  Using answer keys also prompted some students to seek help immediately, as some had made remarks similar to 'I didn't get it, even when I used the key'.  Students do bring their corrected homework with them to help sessions with some frequency.  The researcher believed that using the keys with students has been successful, and has allowed for a more expedient movement through the curriculum without depriving students of valuable feedback.  However, this belief was based upon anecdotal evidence.  


The researcher has been concerned that there is as yet no way to determine with any degree of certainty if, and to what extent, students are using the keys as intended.  The researcher suspected that perhaps the students were simply filling in correct answers immediately, or after one attempt without carefully considering their errors.  Ensuring that the students are utilizing provided feedback as intended and are doing so in a way that maximizes their performance on the assignment and mastery of its content is the central issue of this study.  To better determine this, the researcher has begun to use QUIA, an online quiz resource, as a platform for students to complete homework assignments, receive instant feedback, and then correct their work and re-attempt it until they obtain a satisfactory score.  Each teacher at the study school has a QUIA website, and by using QUIA a teacher is able to create assignments using the QUIA quiz platform.  QUIA records and tabulates student statistics for each assignment, including the number of attempts each student makes on an assignment and their score on each attempt. By utilizing QUIA quizzes as a platform for assignment delivery, and by monitoring the provided data, the researcher would no longer be assuming that students are taking advantage of the provided feedback and opportunities to correct their mistakes, but would now have the data to confirm this. 
Definitions
QUIA is an online website hosting platform.  Each teacher at the study school has a QUIA website, which also provides the ability to create online assignments.  Students can access the assignments via the teacher’s website.

QUIA online assignments - are web-based quizzes that can be used as a platform to deliver an electronic assignment to students.  QUIA assignments provide instantaneous scoring, the ability for students to receive feedback from the instructor on each question, and the ability to re-attempt the assignment to correct errors and improve skills and understanding of the content.

QUIA feedback – is defined as the assignment scores, explanations, and mathematical methodologies that are provided by the instructor for each problem on a QUIA assignment, and are viewable upon student electronic submission of their answers to the QUIA website at the conclusion of each assignment.

Completion rate – is defined as the percentage of students completing a particular assignment divided by the total number of students. 

Feedback utilization/correction rate - is defined as the percentage of students who used provided feedback to correct a particular assignment divided by the total number of students.

Persistence – is defined as student efforts to re-attempt an assignment once feedback has been received.  It can be measured on an individual level by number of attempts per assignment.  It can also be measured on a sample-wide level, by number of cumulative student attempts divided by total number of students.

Perceived helpfulness of feedback- is defined as the student’s attitudes and opinions regarding the quality of the feedback provided by written answer keys and QUIA feedback.

Perceived effectiveness of persistence- is defined as the student’s attitudes and opinions regarding the usefulness of performing multiple attempts on an assignment in order to achieve a better grasp of the skills and understanding of the content particular to the assignment.
Final scores - are the scores that students achieve on their final attempt of a given assignment.  If no second attempt is made, the initial attempt is considered to be the final score, and if an assignment is not completed, the final score shall be zero.

Hypothesis and Research Questions
Hypothesis: The use of online QUIA assignments will improve student performance, as measured by scores on each assignment, homework completion rate, and student persistence in making multiple attempts at assignments.

The specific research questions to be addressed in this study, and their inherent variables, are:


1. Does the use of the online QUIA platform affect student final scores on homework 

assignments?


2. Does the use of the online QUIA platform affect student homework completion 
rate?


3. Does the use of the online QUIA platform affect student persistence?


4. Does the use of the online QUIA platform affect student correction rate?


5. Does the use of the online QUIA platform affect student perceived helpfulness of 

feedback?


6. Does the use of the online QUIA platform affect student perceived effectiveness of 

persistence?


7. Does the use of the online QUIA platform affect student motivation towards 
completing homework assignments?


8. Does the use of the online QUIA platform affect student motivation towards 
attempts to maximize their performance on, and understanding of, homework 
assignments?

Limitations, Delimitations, and Assumptions
The major limitation to this study is that students are not permitted to turn in assignments more than one week late; therefore the variable of completion rate is thusly time-constrained.

Delimitations of the study are as follows:


1. Program development: The researcher selected and/or developed the student 
assignments to be completed, the number of assignment/survey instruments to be utilized, 
the QUIA platform for electronic assignment and survey delivery, and the QUIA survey 
questions.


2. Participants: The sample was restricted to students from one school (the researcher’s) 
and to the researcher’s seventy-nine grade eight science students.


3. Time period: The time during which the study was planned and executed was restricted 
as follows:  The study was prepared over the span of January to February 2012, and was 
executed and appraised from February to March 2012.

Assumptions made in the execution and analysis of the study include:


1. The students will put forth a conscientious effort to complete each of the assignment 
instruments, and are receiving and appropriately utilizing provided instructor feedback.


2. The students will respond to all survey questions accurately and honestly.


3. All threats to validities of collected data have been properly accounted for, and 
therefore that the data is valid and reliable.
Review of Literature 


Public education in America has experienced seismic shifts in recent years.  One such shift has been the establishment of federally mandated standardized testing in the core subject areas of English language arts, math, and science.  Correspondingly, states have been called upon to establish curriculum frameworks and standards in each subject, prescribing the scope, depth, and volume of the required content to be covered in each subject area class and in each grade.  Classroom teachers across the country, in many cases, have been required to similarly increase the scope and depth of the content to be delivered to their students.  These requirements have led to a situation in many classrooms in which the content of material to be taught exceeds the time available to teach it (Motani & Garg, 2002). The second shift has been caused by the increased proliferation of household computers ("Current population survey," 2010).  Household computer use and Internet access has increased year by year ("Current population survey," 2010), and at the present 99% of our nation’s public libraries offer the availability of computers with Internet access (“Libraries Connect Communities”, 2011).  The confluence of these two shifts has produced a need, as well as an opportunity, for educators to re-assess their methods of content and instructional delivery.   Indeed, a paradigm shift is occurring in which a distinction is drawn between direct teaching from the instructor, and student learning, which can be achieved in ways distinct from a direct-instruction model in which learning (as opposed to practicing skills already learned) occurs solely during classroom time (Burton, 1996).

By use of online learning platforms, new and more complex content can be delivered outside of the classroom, and effective learning can still occur.  Content delivery that occurs outside the classroom requires ubiquitous access to computers by students of all socioeconomic standings, but research indicates this such proliferate access is now finally the case (“Libraries Connect Communities”, 2011).  Such online learning platforms have, until the present, been predominately utilized by post-secondary learning institutions such as colleges and universities, where students are expected to possess personal computers, and computer labs are numerous and appropriately equipped.  To this point in time, secondary school students did not enjoy such frequent exposure to technology. With the increasing proliferation of household computers and its corresponding increase of computer access in our nation’s libraries, widespread access to technology now exists.  In recent years, many websites offering online delivery of content have appeared on the web, offering to secondary students the kind of outside the classroom learning platforms long utilized by university students.  Still, a literature search turned up little information regarding the use of online learning platforms in secondary classrooms.  This dearth of germane literature is not surprising, as the use of such platforms in secondary schools is not yet as well established as is their use in the university setting.  However, lack of research into the use of technology in secondary schools does not necessarily indicate that secondary educators seeking to research online learning platforms that could identify potential improvements to their instructional practices cannot successfully do so, as a number of studies have investigated, at the post-secondary level, the use and effectiveness of online learning models.  One type of model that delivers an interactive student experience that promotes student learning is called Just-in-Time Teaching (Novak). This model is based upon student completion of online, interactive assignments that provide feedback, which can guide student learning.  The amount of classroom and instructor time necessary to deliver the volume of content and individualized direction needed to provide quality instruction necessitates that some amount of student learning take place outside of the classroom.  One way to present meaningful outside-of-the-classroom learning experiences is via internet-based learning platforms such as those prescribed by a JITT model (Burton, 1996).  The inclusion of JITT into the investigation of the value of feedback is not to say a teacher must adopt a JITT model in order to meet student needs; but rather a system that delivers feedback and information such as assignment scores, and does so at the point of student need, serves today’s student better than a system that lacks such capabilities (Burton, 1996).  By providing instantaneous feedback via an online learning platform, an ordinary assignment that would typically be graded and returned at a later time can now become an instrument that provides students with instantaneous feedback, which can then be used by both teachers as a diagnostic and by students as a learning tool (Tempelaar, Kuperus, Cuypers, van der Kooij, van de Vrie & Heck, 2012).   Instantaneous scoring and feedback can then be used to inform formative assessments, as teachers quickly and efficiently gain information that indicates the extent to which students, both on an individual and class-wide basis, have understood a basic concept.   Online assignments and tests have the capability of enabling the instantaneous recognition of errors on the part of both students and teachers.  Students can then make the appropriate corrective measures, and teachers can inform their subsequent instructional activities according to instantly available student results (Motani & Garg, 2002).  Indeed, according to Bould and Falchikov, learning activities that provide for students the ability to self-judge their own performance, and the certification of achievement (or lack thereof) via such activities are among the main purposes of assessment itself (Boud and Falchikov, 2006).  Similarly, Rust states formative and summative assessments that enhance learning require that such feedback processes be utilized (Rust, 2007).  Among the seven principles of good feedback highlighted by Nicol and MacFarlane-Dick is the idea that executing feedback practice effectively fosters students’ abilities of self-assessment.  Furthermore, Nicol and MacFarlane-Dick assert that timely feedback allows students to increasingly improve their current performance so as to more closely approach their desired level of achievement (Nicol and MacFarlane-Dick, 2006).  


The research makes it clear that the timely and efficient delivery of feedback can help to overcome the lack of classroom time for teachers to directly and individually provide these necessary components of student learning.  However, Gibbs and Simpson go so far as to say effective feedback is only effective if it is received in time for students to immediately see and to correct their mistakes and further their understanding of the content and questions via the explanations provided by the feedback, and that the student take immediate action to make the appropriate corrections and observations as indicated by the feedback (Gibbs and Simpson 2003).  Gibbs and Simpson’s assertions are underscored by Maclellen’s survey findings that 30% of polled students indicated that written feedback never helps them to understand the material or concept being assessed  (Maclellen, 2001).  Yet, Bridge and Appleyard’s survey found while 32% of respondents showed no preference between receiving written and online feedback, 56% preferred or strongly preferred receiving online feedback, as opposed to 6% who preferred traditional (or written) feedback (Bridge and Appleyard, 2008).  


Although the research makes clear there are many benefits to be derived from online content and assignment delivery, some researchers have identified effects of online learning which could be characterized as negative.  Brothen and Wambach’s 2001 study found that when university students were allowed access to utilize their textbooks while taking online quizzes, those students took little time to complete the quizzes, and Brothen and Wambach concluded that many students approached the online quizzes as tasks to be completed as opposed to opportunities to better learn and comprehend the material (Brothen & Wambach, 2001). This conclusion raises an aspect of online learning that must be taken into account by the practitioner – the potential that students will not utilize the technology in the manner in which the instructor intends, or to the intended ends. Similarly, Grimstad and Grabe found in the use of online practice tests, by their nature, required students with a lesser degree of knowledge regarding the content, by necessity, to re-attempt the tests several times (Grimstad and Grabe, 2004).  However, yet again, if the purpose of utilizing online assignments is for practice or reinforcement, repetition can be considered a positive behavior in achieving proficiency in a skill or mastery of a concept.  Lastly, there have been studies to determine if online delivery of content changes the nature of measurement of student knowledge or achievement.  But Russell and Haney, in analyzing middle school students’ performance in multiple subjects of the NAEP test, found no evidence in support of the idea that the construct being measured by an online assignment was compromised by the mode of content delivery (Russell and Haney, 1997).


So, despite the dearth of middle school or secondary school specific research regarding online learning and assignment delivery, several conclusions that could very possibly be effectively generalized to the secondary education setting were identified.  One conclusion is that computer aided grading and feedback delivery platforms can facilitate learning and help students to more closely realize their potentials  (Nicol and MacFarlane-Dick, 2006).  It was also found that any online platform meant to teach new content or to be used to practice skills or concepts must incorporate instantaneous delivery of scoring and feedback so that students receive it at the point of need (Burton, 1997).  Feedback must be both delivered to the student in a timely manner and most be instructionally helpful in order for students to receive an educational experience that is analogous in quality to one that they would receive via direct teaching in the classroom  (Gibbs and Simpson, 2003).  Lastly, if well designed and executed, online learning activities can promote student behaviors such as persistence and repetition (Grimstad and Grabe, 2004) that can be appropriate for learning exercises such as practicing skills, and can deliver the intended content or lesson without compromising the construct being measured (Russell and Haney, 1997).  Online learning platforms, provided that they can provide efficient and effective delivery of grading and feedback to students, can be utilized to the benefit of students and can alleviate the problem of insufficient classroom time to effectively deliver, teach, and assess necessary content (Motani and Garg, 2002). The available research seems to suggest that by utilizing online educational resources, educators can meet the demands of content scope and depth as prescribed by state and federal educational mandates, without sacrificing the quality of the learning experiences of their students, and in many cases, may actually enhance those experiences via the use of well designed and executed online assessment and content delivery platforms. 

Methods 
Subjects

The population in this action research study was the current grade eight class at a middle school in Massachusetts. There are approximately 240 students in the current grade 8 class, divided into three “clusters” of approximately 80 students.  Each student cluster is assigned to a common team of English, math, social studies, and science teachers.   Only math classes are leveled by ability – all other classes (including core subjects and co-curriculars such as physical education, music, etc.) are heterogeneously grouped, and over the last four years, the grade 8 students as a group have ranked no lower than 15th in the ranking of Massachusetts school districts by overall performance on the Grade 8 Science, Technology, and Engineering MCAS Examination.  Cluster sampling was used to select the sample.  As all grade 8 students are already organized into three “clusters”, the study was conducted with one of the pre-existing clusters of 79 students.  This sample size represents approximately one third of the total current grade- eight-student population.

Instrumentation


There were three data collection instruments utilized in this study.  The first instruments used were written homework assignments.  Final score per assignment, evidence that the assignment was corrected for errors, and number of attempts were the variables to be measured and recorded.


The second types of instruments used were homework assignments delivered and completed via the QUIA online assignment interface.  These assignments were identical to their corresponding written assignments, save for the online method of delivery.  For each online assignment, QUIA compiles and reports individual student statistics including number of attempts the student made to complete the assignment and the percentage score on each attempt.  These were the variables to be measured and recorded.  This data was compared to the analogous data collected from the written homework assignments.  Statistical comparisons of the data were used to determine the extent to which students are utilizing QUIA assignments to effectively receive provided teacher feedback and instantaneous access to their scores in order to identify the need to re-attempt the assignment.  Additional attempts are completed in order to more effectively reach an appropriate level of proficiency and understanding.

Validity of the written assignment and QUIA assignments instruments was assured along several criteria.  As students were encouraged to use teacher-provided notes that utilize identical language and examples to those found in both platforms of assignment delivery, construct validity was achieved.  As each of the six assignment instruments comprised 3 pairs of assignments (1 paper-based, 1 QUIA based) that were identical in topic and internal structure, content validity and internal structure validity were achieved.  Finally, as each assignment instrument was counted towards the students’ grades as a homework assignment, validity based on consequences of testing was established.

Reliability of the first two instruments was ensured via the equivalent forms method, as each pair of assignments (one QUIA, one paper) contained content of a very high degree of similarity, with only the form of delivery differing.

The final instrument utilized was a QUIA survey, which was completed by the students in the population sample.  The survey questions were designed to both measure the instructional advantages accorded by utilizing QUIA online assignments, as well as to determine the effectiveness of the QUIA assignment platform in comparison to traditional paper worksheets and answer keys.  Student preferences between these two platforms of assignment delivery were also measured.  The aforementioned question topics served as variables to address their corresponding research questions.  

In more explicit terms, the variables were: 


1. Student use rate of written answer keys vs. QUIA feedback, 


2. Student re-attempt rate in completing written assignments vs. QUIA assignments, 


3. Student preferences between the 2 platforms according to:



a. Method of receiving teacher-provided feedback



b. Method for checking/correcting work



c. Method for test preparation


4. Student tendencies to:



a. Simply fill in correct answers on printed worksheets to receive maximum 


score



b. Simply fill in correct answers in place of re-attempting incorrect problems 


in order to maximize mastery/understanding

Content validity of the survey was addressed by the fact that students completed the survey during classroom time.  The investigator was present to provide clarification of the phrasing or language of any question, to assure that the data sought was not invalid due to student misunderstanding of the survey question language.  Validity based on response process was achieved by alternating the order of survey question choices on the Likert-like scale.  In other words, not all choices were ordered along a range of “strong QUIA preference – no preference – strong paper worksheet preference”.  This order was alternated on fully one half of all questions that directly compared the two methods and utilized such a scale.  Reliability of such qualitative data was more difficult to assure.  Students were reminded that there was to be no penalty for their honesty, and the results of the survey would be used to shape future instructional practices to the benefit of themselves and future students.

Procedures

1. Students, over the course of several weeks, were assigned to complete and correct 3 paper worksheets and 3 QUIA online assignments.  Each paper and QUIA worksheet addressed similar topics (paper worksheet 1 and QUIA worksheet 1 = same topic, etc.)

2. For paper worksheet assignments, students were instructed to:


a. Complete the assignment without yet using the written answer key


b. Use the answer key to identify incorrect answers, and clearly mark them as 
incorrect on their paper.


c. Without using the key, re-attempt all incorrect problems.


d. Repeat steps b and c until a score of 100% (if possible) is attained, making new 
annotations on problems that were answered incorrectly a 2nd time, 3rd time, etc. 

3. Paper worksheets were collected and checked to determine the score, and if the students corrected their work with the provided written answer keys as directed and conducted additional attempts to complete the assignment.  All aforementioned data was recorded by individual assignment.

4. For QUIA online assignments, students were instructed to:


a. Complete the assignment and electronically submit their answers.


b. Use the information provided by QUIA to identify incorrect answer and their 

score, 
and read provided feedback for incorrectly answered questions.


c. Re-attempt the assignment.


d. Repeat steps b and c until a score of 100% (if possible) is attained. 

5. QUIA assignments were checked online to determine score, and number of additional attempts to correct errors and to complete the assignment more accurately.  All aforementioned data was recorded by individual assignment

6. Students were asked to complete a QUIA survey, which sought feedback regarding student’s perceptions of the comparative advantages, and their preferences, regarding the use of printed worksheets and answer keys versus the use of QUIA online assignments.

7. All collected data (paper worksheets, QUIA online assignments, QUIA survey results) were compiled and tabulated for analysis.


With regards to the execution of the assignment instruments, experimental validity was assured according to a variety of criterion.  As students were not being compared, but rather their scores and opinions on two different assignment delivery platforms, non-differential selection of participants was not a threat to validity.  The short term of the study assured that history and maturation were likewise not threats, nor was attrition.  Testing posed the only serious threat to validity.  In recognition of this, half of the classes in the sample were given QUIA assignments first, then the analogous paper assignment second.  The opposite was true of the 2nd half of the sample. 

Data Analysis 


Written homework assignments and QUIA online assignments were compared according to the following statistics:


1. Cumulative completion rate for each type of assignment– mean and median


2. Final Score for each type of assignment – mean and median


3. Percentage of students conducting multiple attempts for each type of assignment


QUIA Survey results were analyzed in the following manners:


1. Percentage breakdown of respondents per choice for each survey question


2. Descriptive analysis of questions that compare student perceptions of 
effectiveness/preference: QUIA assignments vs. written worksheets/answer keys

Results

The results of analysis of student assignment and survey data were addressed and organized according to the specific research question that each was designed to address.  The research questions are restated, and the tables and figures presenting corresponding data follow. 

Research Question 1: Does the use of the online QUIA platform affect student final scores on homework assignments?
score on paper and pencil worksheets.  In the cases of assignment pairs B and G, the highest score was achieved on the second assignment issued, by margins of 9.0%, 25.5% respectively.
Only for assignment pair R/S was a higher mean score achieved on the first assignment issued,
	Table 1: Assignment Scores

	
	QUIA

Assign-ment

B-1
	Paper and pencil worksheet

B-2
	QUIA

Assign-ment

G
	Paper and pencil worksheet

G-2
	Paper and pencil worksheet

R
	QUIA

Assign-ment

S

	MEAN
	85.5
	94.5
	66.9
	92.4
	97.1
	91.3

	MEDIAN
	93.0
	100
	80
	100
	100
	97.0

	MODE
	100
	100
	100
	100
	100
	100

	Table 1 Note: Assignments of similar topical content are highlighted in the same color.  The first assignment issued of each pair of similar assignments is listed first. 


by 5.8%.  Median scores followed this trend.  Mode scores were identical across both platforms and regardless of assignment sequence.  As higher scores were achieved on all paper and pencil worksheets, regardless of the order in which they were assigned, this data seems to indicate that the use of QUIA assignments has a negative effect on student performance as measured by assignment scores.
	Table 2: Aggregate assignment scores

	
	All QUIA

Assignments
	All Paper and pencil worksheets

	MEAN
	85.5
	94.5

	MEDIAN
	93.0
	100

	MODE
	100
	100



As shown by table 2 above, when the aggregate QUIA and paper-and-pencil scores are considered, it was revealed that students scored 9% higher on average on paper-and-pencil worksheets than on QUIA assignments.  Similarly, the aggregate median score on QUIA assignments was 7% lower than that of paper and pencil assignments.  The modes were unaffected. As higher aggregate scores were achieved on paper and pencil worksheets, regardless of the order in which they were assigned, by a percentage nearly equivalent to a full letter grade as measured by both mean and median score, this data seems to indicate that the use of QUIA assignments has a negative effect on student performance as measured by assignment scores.

Research question 2: Does the use of the online QUIA platform affect student homework completion rate?


Table 3 below indicates that in two of the three pairs of similar assignments, students achieved a higher completion rate on paper and pencil worksheets, by 8.9% and 13.9% on assignment pairs B and R/S respectively.  Only on assignment pair G did students complete the QUIA assignment at a higher rate, by 10.1%.  In the cases of assignment pairs G and R/S, the
	Table 3: Assignment completion rates


	QUIA

Assign-ment

B-1


	Paper and pencil worksheet

B-2
	QUIA

Assign-

ment

G
	Paper and pencil worksheet

G-2
	Paper and pencil worksheet

R
	QUIA

Assign-

ment

S

	79.7%
	88.6%
	97.4%
	87.3%
	87.3%
	73.4%



	Table 3 Note: Assignments of similar topical content are highlighted in the same color.  The first assignment issued of each pair of similar assignments is listed first. 


students completed the first assignment issued at a higher rate than that of the second
assignment issued, by an aggregate rate of 12% over the completion rate of the second assignment issued.  Only for assignment pair B was a higher completion rate achieved on the second assignment issued, by 8.9%. As indicated by the facts that higher completion rates were achieved on two of the three paper and pencil worksheets, regardless of the order in which they were assigned, and that only QUIA assignments were completed at rates as low as 79.7% or lower, this data seems to suggest that the use of QUIA assignments has a negative effect on student performance as measured by assignment completion rate.

	Table 4: Aggregate assignment completion rates

	All QUIA Assignments
	All Paper and pencil worksheets

	83.5%

	87.7%



As shown by table 4 above, when considered as an aggregate whole, QUIA assignments were completed at a rate that was 4.2% less than the completion rate for paper and pencil worksheets.  The relatively narrow margin of 4.2% is a mitigating factor, but this data also seems to indicate that the use of QUIA assignments has a negative effect on student performance as measured by assignment scores.

Research question 3: Does the use of the online QUIA platform affect student persistence?


As shown by table 5 below, a greater mean number of student attempts per assignment were observed on two of the three QUIA assignments as compared to their paper and pencil analogues, by margins of 0.5 and 1.9 attempts per assignment for assignment pairs B and G respectively.  Only for assignment pairs R/S was a higher degree of persistence shown on the pencil and paper worksheet R, by 0.1 attempts/assignment more than on QUIA S.  As higher
rates of persistence were achieved on the two QUIA assignments that were assigned first, and a
	Table 5: Number of individual student attempts per assignment 

	
	QUIA

Assign-ment

B-1
	Paper and pencil worksheet

B-2
	QUIA

Assign-ment

G
	Paper and pencil worksheet

G-2
	Paper and pencil worksheet

R
	QUIA

Assign-

ment

S

	MEAN
	1.7
	1.2
	3.2
	1.3
	1.4
	1.3

	MEDIAN
	1
	1
	3
	1
	1
	1

	MODE
	1
	1
	3
	1
	1
	1



	Table 5 Note: Assignments of similar topical content are highlighted in the same color.  The first assignment issued of each pair of similar assignments is listed first.


rate that was only 0.1 lower on the QUIA assignment that was issued second, this data seems to
indicate that the use of QUIA assignments has a positive effect on student
performance as
measured by persistence, as indicated by number of individual student attempts per assignment.
	Table 6: Aggregate number of individual student attempts per assignment

	
	All QUIA

Assignments
	All Paper and pencil worksheets

	MEAN
	2.1
	1.3

	MEDIAN
	1.6
	1

	MODE
	1.6
	1


As shown in table 6 above, higher aggregate rates of persistence were achieved on the QUIA assignments compared to the paper and pencil analogues by a mean value of 0.8, or nearly one entire attempt per student.   Similarly, the median attempt rate on QUIA assignments was 0.5, or half an attempt, higher than that of paper and pencil worksheets, and the mode data was identical.  This data seems to indicate that the use of QUIA assignments has a positive effect on student performance as measured by persistence, as indicated by number of individual student
attempts per assignment.


Since the use of printed answer keys has been practiced frequently outside of the delimitations of this study, determining the frequency with which students re-attempt their homework after checking it with a printed answer key is desirable, as doing so can provide data in addition to that collected from the assignment instruments.  This data was collected via survey question 3, as shown in figure 1 below, in which it can be seen that 54.43% of students indicate that they re-attempt their paper-and –pencil homework about half of the time or less, and 21.51% of students indicate that they do so most of the time or more frequently.  This data was considered in comparison to the percentage of QUIA assignments for which students completed multiple attempts.  This data appears in table 7 below:

Question 3: How frequently do you re-attempt (or, complete a second time) a "regular" (non-QUIA) homework worksheet after you've checked it with a printed answer key?
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1= rarely or never

2= about half of the time

3= more than half of the time

4= most of the time

5 = almost always/always

Figure 1: Survey question 3
	Table 7: Percentage of individual student attempts per assignment for QUIA assignments

	Total number of QUIA assignments completed
	Number of QUIA

assignments for which multiple attempts were made
	Percentage of QUIA

assignments for which multiple attempts were made

	198
	101
	51.01%

	Table 8: Percentage of individual student attempts per assignment for paper and pencil assignments

	Total number of paper and pencil assignments completed
	Number of paper and pencil

assignments for which multiple attempts were made
	Percentage of paper and pencil

assignments for which multiple attempts were made

	208
	65
	31.25%



More than 50% of students indicated via survey question 3 that they re-attempt their paper and pencil homework assignments half the time or less, and this is borne out by the data in table 8, which shows that only 31.25% of the study instrument paper and pencil assignments were re-attempted at least once.  In comparison, 51.01% of the study instrument QUIA assignments were re-attempted at least once, a difference of 19.86%.  This seems to indicate that the use of QUIA assignments has a positive effect on student performance as measured by student persistence.  This data, taken in consideration with the data shown in tables 5 and 6, suggests that the use of QUIA assignments has a positive effect on student performance as measured by student persistence.

Research question 4: Does the use of the online QUIA platform effect student feedback utilization/correction rate?


As the use of printed answer keys has been practiced frequently outside of the delimitations of this study, determining the frequency with which students utilize this resource is desirable, as doing so can provide data in addition to that collected from the assignment instruments.  This data was collected via survey question 1 as shown below in Figure 2, which shows that 36.7% of students would not characterize the frequency of their use of printed answer keys to be “most of the time” or more frequently.
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Question 1: When they are provided, how frequently do you use printed answer keys to check your "regular" (non-QUIA) homework worksheets?

1= rarely or never


2= about half of the time

3= more than half of the time

4= most of the time


5 = always/almost always

Figure 2: Survey question 1


This was not considered to be a positive indicator, as more than one third of students do not utilize the provided written resources to check and correct their work, and therefore never learn of their assignment score.  Considering that, upon completing a QUIA assignment, 100% of students are immediately presented with a graded score and summary of their answers, and that there is a relatively high number (36.7%) of students who do not grade their own paper and pencil work “most of the time” or “always/almost always”, and thereby never receiving the scoring data that QUIA instantaneously delivers, it is reasonable to consider this data as an indication that the use of QUIA assignments has at least a somewhat positive effect on student performance as measured by correction rate.

Research Question 5: Does the use of the online QUIA platform affect student perceived helpfulness of feedback?
Figure 3 below shows that 73.42% of students found printed, or paper and pencil, answer keys to be “helpful” (49.37% of respondents) or “very helpful” (24.05%) in providing helpful feedback.  This data was collected to serve as a comparison point to the data from survey question 5, shown in figure 4 below. The responses to survey question 5 revealed that 46.84% of students found QUIA’s feedback to be “helpful (21.52%) or “very helpful” (25.32%).  This was found to be less 
than the percentages of students finding printed answer keys to provide helpful or very helpful feedback by 26.58%, and would seem to suggest that QUIA’s feedback platform does not positively affect student feedback utilization rate as much as printed answer keys do, as measured by students’ perceptions of feedback helpfulness.
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Question 2: How helpful do you find the use of the printed answer keys to be?


1= not at all helpful - they don't help me to understand my mistakes and the homework OR I never use the keys

2= not very helpful - they usually don't provide all the information I need to correct my mistakes and understand the homework


3= a little helpful - but they sometimes don't provide all the information I need to correct my mistakes and understand the homework


4= helpful - they usually provide all the information I need to correct my mistakes and understand the homework 

5= very helpful - they almost always provide all the information I need to correct my mistakes and understand the homework

Figure 3: Survey question 2
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Question 5: How helpful did you find QUIA's ability to show you the correct answers and feedback on the mistakes that you made on the online homework assignments?

1= not at all helpful - it didn't help me to understand my mistakes and the homework OR I didn't check my work or read the feedback

2= not very helpful - it usually didn't provide all the information I needed to correct my mistakes and understand the homework



3= a little helpful - but it sometimes didn't provide all the information I needed to correct my mistakes and understand the homework

4= helpful - it usually provided all the information I needed to correct my mistakes and understand the homework

5= very helpful - it almost always provided all the information I needed to correct my mistakes and understand the homework

Figure 4: Survey question 5


Figure 5 below shows students’ preferences between the QUIA and printed correcting and feedback delivery platforms.  Discounting the 19.23% of students that indicated no preference, students who “strongly” preferred one platform over another preferred printed 

Question 8: Specifically, which do you prefer to use to check your score and see your mistakes, printed worksheets and answer keys or QUIA online worksheet assignments?
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1= strongly prefer printed worksheets and answer keys 

2=somewhat prefer printed worksheets and answer keys 

3=no preference for either type of assignment

4= somewhat prefer QUIA online worksheets


5=strongly prefer QUIA online worksheets

Figure 5: Survey question 8

resources over QUIA by 3.85% (23.08% - 19.23%), and those who “somewhat” preferred one platform over another preferred printed resources over QUIA by 7.70% (23.08% - 15.38%).  In total, those students who indicated some preference for one platform over another preferred printed resources over QUIA as a medium for correction and feedback by a total of 46.16% - 34.61%, or by a margin of 11.55%.  This would seem to indicate that the use of QUIA does not positively affect students’ perception of feedback helpfulness.    

Research question 6: Does the use of the online QUIA platform affect student perceived effectiveness of persistence?


Figures 6 and 7 below show student responses to questions concerning students’ perceptions of the helpfulness of re-attempting assignments by means of using printed worksheets and the QUIA electronic platforms respectively. In comparing analogous response data as shown in figures 6 and 7 below, it was found that students chose positive responses, such as that re-attempting homework via the indicated platform was “helpful” or “very helpful” more 

frequently by a margin of 20.26% in favor of QUIA assignments as opposed to paper and pencil 
Question 4: How helpful do you find re-attempting homework worksheets after checking them with a printed answer key to be?
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1= not at all helpful - doing so never helps me to understand my homework OR I never re-attempt/re-do my homework worksheets

2= not very helpful - doing so usually doesn't help me to understand my homework OR I usually don't re-attempt/re-do my homework worksheets

3= a little helpful - doing so sometimes helps me to understand the homework

4= helpful - doing so usually helps me to understand the homework 

5= very helpful - doing so almost always helps me to understand the homework

Figure 6: Survey question 4

Question 6: How helpful did you find QUIA's ability to allow you to re-attempt online homework assignments in order to improve your score?
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1= not at all helpful - it didn't help me to understand the homework or improve my scores at all.

2= not very helpful - I found re-attempting the homework improved both my score my understanding of the homework just a little bit


3= a little helpful - I found re-attempting the homework to somewhat improve both my score my understanding of the homework

4= helpful - I found re-attempting the homework to improve both my score my understanding of the homework 

5= very helpful - I found re-attempting the homework to greatly improve both my score my understanding of the homework

Figure 7: Survey question 6

assignments.  Particularly, more students indicated that they found QUIA to be “very helpful” as a means of re-attempting assignments by 35.45% margin over the paper and pencil format.  Furthermore, students indicated a more negative perception of the use of paper and pencil assignments for re-attempting their work, as indicated by the response rate to choices such as “not at all helpful” and “not very helpful”.  These negative responses were chosen more frequently in response to survey question 4 regarding paper and pencil assignments by a cumulative margin of 11.39%.  Of particular note was that more than one quarter of all students (26.58%) indicated that they found paper and pencil assignments to be either “not at all” or “not very” helpful, whereas only 15.19% of respondents reported similarly regarding QUIA assignments.  All of this data can be considered indicators that QUIA has a positive affect on students’ perceptions of the effectiveness of persistence in completing assignments accurately.

Research question 7:  Does the use of the online QUIA platform affect student motivation towards completing homework assignments?

Question 7: In general, which type of homework assignment do you prefer to work on, printed worksheets or QUIA online worksheet assignments?
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1= strongly prefer printed worksheets

2=somewhat prefer printed worksheets

3=no preference for either type of assignment

4= somewhat prefer QUIA online worksheets

5=strongly prefer QUIA online worksheets

Figure 8: Survey question 7. Note- as compared to the survey completed by the students, the response orders illustrated in some of the graphs in this section have been changed, to maintain a consistent topic order of responses across all of the graphical representation of the question results shown.  This has been done to more easily compare and analyze responses between questions.  The questions shown in this section whose response orders have been switched from that of the original survey are survey questions 7 (above), 9, and 13.

Question 10: Specifically, do you find that you are more motivated to work on one type of assignment or the other- printed worksheets and answer keys or QUIA online worksheet assignments?
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1= much more motivated to work on printed worksheets and answer keys 

2=somewhat somewhat more motivated to work on printed worksheets and answer keys 

3=no difference in motivation to work on either type of assignment



4= somewhat more motivated to work on QUIA online worksheets

5=much more motivated to work on QUIA online worksheets

Figure 9: Survey question 10


Figure 8 above indicates that students with a preference for one format over another preferred to work on paper and pencil worksheets “somewhat” or “strongly” 39.74% to 32.05%, or by a margin of 7.69%.   This seemed to indicate that the use of QUIA assignments might not positively affect student motivation towards completing homework assignments.  However, the data from survey question 10 as shown in figure 9 above needed to be considered before any such indications were inferred.


In contradiction to the results obtained from survey question 7 shown in Figure 8 above, students indicated that they were “somewhat more” or “much more” motivated to work on QUIA assignments compared to paper and pencil assignments 34.62% to 28.20%, or a margin of 6.42% in favor of QUIA assignments, as shown in Figure 9 above.  This is a similar but opposite result as that obtained by survey question 7, in which respondents indicated a preference for paper and pencil assignments by a margin of 7.69%.  Considering these contradictory findings and the similarity of the margins involved, it was determined that the survey data provided no strong indication that the use of QUIA assignments either positively or negatively affects student motivation towards completing homework assignments.

Research question 8: Does the use of the online QUIA platform affect student motivation towards attempts to maximize their performance on, and understanding of, homework assignments?


As shown in Figure 10 below, survey question 9 indicated a student preference for using the QUIA assignment format to re-attempt homework assignments as a means of improving scores by double, 58.23%-29.11%, over using paper and pencil assignments for the same purpose.  This was considered an indication that the use of QUIA assignments has a positive affect on student motivation towards maximizing homework performance, constituting another possible indication of the value of using the QUIA assignment delivery platform. 
Question 9: Specifically, which do you prefer to use to re-attempt your homework to improve your score, printed worksheets and answer keys or QUIA online worksheet assignments?
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1= strongly prefer printed worksheets and answer keys 

2=somewhat prefer printed worksheets and answer keys 

3=no preference for either type of assignment

4= somewhat prefer QUIA online worksheets

5=strongly prefer QUIA online worksheets

Figure 10: Survey question 9. Note- as compared to the survey completed by the students, the response orders illustrated in the graph above have been changed, to maintain a consistent topic order of responses across all of the graphical representation of the question results shown in this section. 

Question 11: When correcting printed worksheets with written answer keys, which of the following below best describes your typical strategy:
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1= I use the key to fill in correct answers, but never re-attempt questions that I answered incorrectly the first time

2=I use the key to fill in correct answers, but rarely re-attempt questions that I answered incorrectly the first time

3=I use the key to fill in correct answers, and sometimes re-attempt questions that I answered incorrectly the first time

4= I use the key to fill in correct answers, and usually re-attempt questions that I answered incorrectly the first time

5=I use the key to fill in correct answers, and always re-attempt questions that I answered incorrectly the first time

Figure 11: Survey question 11


Figure 11 above shows that 24.05% of students either “never” or “rarely” re-attempt incorrectly answered homework questions after correcting their paper and pencil assignments.

An additional 34.18% of respondents only “sometimes” re-attempt incorrectly answered problems.  This indicated that almost 60% of students do not maximize opportunities to further their understanding of the content via the use of printed answer keys and feedback.  This finding was considered in conjunction with the data obtained from survey question 12, shown in figure 12 below. 


The data obtained from survey question 12 showed that 35.90% of students reported that, when using printed answer keys, they “almost always” or “often” simply filled in correct answers from wrote memory on their second attempt on a paper and pencil assignment, as opposed to making a more considered second effort to correctly answer incorrectly answered problems.  An additional 26.92% of students indicated that they “sometimes” filled in correct 

Question 12: When using written answer keys to correct printed worksheets, how difficult is it to make note of questions that you answered incorrectly WITHOUT simply remembering the correct answer and filling it in on your 2nd attempt at those problems?

[image: image12.emf]17.72%

11.39%

12.66%

30.38%

27.85%

1 2 3 4 5

percent response

1 = Very difficult - I almost always find myself simply filling in answers that I remembered from the key

2 = Difficult - I often find myself simply filling in answers that I remembered from the key


3 = A little difficult - I sometimes find myself simply filling in answers that I remembered from the key

4 = Not very difficult - I usually don't find myself simply filling in answers that I remembered from the key

5 = Not at all difficult - I almost never find myself simply filling in answers that I remembered from the key

Figure 12: Survey question 12

answers from memory, leaving only 37.18% of students indicating that they “usually don’t” or “never” fill in correct answers from memory.  When considering (with the data from survey question 11) that nearly 60% of students do not consistently re-attempt their work, and that 62.82% of students state that when they do re-attempt their work, they find themselves simply filling in memorized answers, this was considered to be evidence that paper and pencil answer keys are not being used in their intended manner as widely as the researcher intended.  To the contrary, the instructor designed QUIA assignments so that, while student scores are instantaneously available, and instructional feedback is provided for every incorrectly answered problem, the feedback does not explicitly reveal the correct answer, but rather provides guiding narratives and concepts so that the student can reach a better understanding of the problem and thereby answer it correctly not from wrote memorization of the correct answer but from an improved grasp of the content of the question.  This was considered to be an indication that the use of QUIA assignments positively affects student motivation towards attempts to maximize their performance on, and understanding of, homework assignments and their content.


The response to survey question 13 as shown in figure 13 below revealed that 51.28% of students found QUIA assignments to be “somewhat more challenging” or “much more challenging” to complete successfully than paper and pencil assignments, as opposed to 16.66% of students who indicated the contrary.  This clearly indicated that a plurality of students find that QUIA assignments present a greater challenge than paper and pencil assignments; however, challenge can be a motivator or a deterrent.  More data was necessary to determine whether students view this increased challenge as a negative or a positive.  As shown in figure 9, survey question 10 revealed that 6.42% more students indicated a higher motivation to work on QUIA assignments than the alternative, and perhaps more tellingly, survey question 9 (figure 10) indicated a student preference for using QUIA assignments to re-attempt homework assignments of 58.23%-29.11% over using paper and pencil assignments for the same purpose.  It can reasonably be inferred, therefore, in light of students’ preference for QUIA assignments, that many view the challenge that QUIA assignments provide as a positive motivating factor, and this

Question 13: Which type of assignment provides a greater challenge to achieve a higher score, printed worksheets or QUIA online assignments?
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1= Printed worksheets are much more challenging than QUIA assignments

2= Printed worksheets are somewhat more challenging than QUIA assignments

3 = I don't find one type of assignment to be more challenging than the other type

4= QUIA assignments are somewhat more challenging than printed worksheets

5= QUIA assignments are much more challenging than printed worksheets

Figure 13: Survey question 13.  Note- As compared to the survey completed by the students, the response orders illustrated in the graph above have been changed, to maintain a consistent topic order of responses across all of the graphical representation of the question results shown in this section
was considered to be an indication that the use of QUIA assignments positively affects student motivation towards attempts to maximize their performance on, and understanding of, homework assignments and their content.


The only data collected that seemed to indicate that the use of the QUIA assignment platform may have a negative affect on student motivation towards homework came from survey question 14, as shown in figure 14 below. Of the 86.08% of students that indicated some inclination to use one assignment format over the other, only 30.38% of students indicated that they would be more likely to use QUIA assignments as test preparation tools, as opposed to 55.70% of students who indicated a preference for paper and pencil worksheets.  This data clearly indicates that the majority of students do not view QUIA assignments as test preparation 
Question 14: Which type of assignment would you be more likely to use to help you to prepare for a test, printed worksheets or QUIA online assignments?
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1= Much more likely to use printed worksheets than QUIA assignments

2= Somewhat more likely to use printed worksheets than QUIA assignments

3 = I wouldn't be more likely to use either type of assignment OR I wouldn't use either type of assignment to prepare for a test

4= Somewhat more likely to use QUIA assignments than printed worksheets

5= Much more likely to use QUIA assignments than printed worksheets

Figure 14: Survey question 14

resources; however, test preparation is only one application of a homework assignment.  This data was not ignored by the researcher, but when considered alongside the multiple indications gleaned from figures 9 -13 that the use of QUIA assignments have a positive affect on student attitudes towards homework, the prevalence of the data regarding research question 8 led to an overall conclusion that that the use of QUIA assignments positively affects student motivation towards attempts to maximize their performance on, and understanding of, homework assignments and their content.
Discussion

The hypothesis and research questions of this study were as follows:

Hypothesis: The use of online QUIA assignments will improve student performance, as measured by scores on each assignment, homework completion rate, and student persistence in making multiple attempts at assignments.

The specific research questions that were addressed in this study were:


1. Does the use of the online QUIA platform affect student final scores on homework 

assignments?


2. Does the use of the online QUIA platform affect student homework completion 
rate?


3. Does the use of the online QUIA platform affect student persistence?


4. Does the use of the online QUIA platform affect student correction rate?


5. Does the use of the online QUIA platform affect student perceived helpfulness of 

feedback?


6. Does the use of the online QUIA platform affect student perceived effectiveness of 

persistence?


7. Does the use of the online QUIA platform affect student motivation towards 
completing homework assignments?

8. Does the use of the online QUIA platform affect student motivation towards

attempts to maximize their performance on, and understanding of, homework
assignments?


The first factor considered by the researcher to investigate the hypothesis and to determine QUIA’S impact on student performance, as communicated by research question 1, was student score data on the QUIA assignment instruments and their paper and pencil analogues.  Analysis of the compiled data revealed, as shown in Table 1 of the Results section, that higher mean and median scores were achieved on each individual paper and pencil paper than on their QUIA assignment counterparts.  Likewise, Table 2 reveals that, when scores of each assignment type are aggregated, the paper and pencil assignment scores, as measured by mean and mode, were 9% and 7% higher than QUIA scores.  So, the analysis of the assignment score data seems to reject the hypothesis as measured by the criteria of assignment scores.


Homework assignment completion rate, the topic of research question 2, was also analyzed to investigate the hypothesis.  As shown in Table 3 of the Results section, a higher completion rate was observed for a QUIA assignment on only one of the three QUIA/paper and pencil assignment pairs.  Table 4 shows aggregate completion rates for each assignment type, and again, a higher completion rate was observed for paper and pencil assignments, albeit by a slim 4.2% margin.  So, the analysis of this data set seems to reject the hypothesis as measured by the criteria of homework completion rate.


Data collected in response to research questions 3 and 4 were also considered in attempting to verify the hypothesis.  The data pertaining to the topic of research question, student persistence was presented in Table 5 of the results section.  The data revealed that for two of the three QUIA/paper and pencil assignment analogues, a greater mean number of student attempts were executed on the QUIA assignments, and only 0.1 less attempts were executed on the QUIA assignment that was less attempted than its paper and pencil counterpart.  The aggregated data in Table 6 shows that the mean number of student attempts per QUIA assignment was 0.8 attempts greater than that of paper and pencil assignments, and the median and mode were each higher, by a difference of 1.6-1 attempts per assignment.  Furthermore, as shown in Tables 7 and 8, students made multiple attempts on 51.01% of QUIA assignments, and on 31.25% of paper and pencil assignments. This data was considered to be an indication in support of the hypothesis as measured by student persistence.  Additional positive data with regards to this criterion was gleaned from research question 4: Does the use of the online QUIA platform affect student correction rate?  A line of logic may be followed by which multiple student attempts on a paper and pencil assignment will necessarily only occur after a student has correct his/her work on said assignment; therefore, data concerning student correction rate was considered by the researcher to be intimately interrelated to student persistence data, and therefore necessary data to consider in attempting to verify the hypothesis.  As shown by Figure 2, only 37.97% of students “always” or “almost always” check and correct their paper and pencil homework sheets.  This step was considered to be necessary to undertake in order for additional attempts on an assignment to be made, yet more than 62% of students do not undertake this step frequently while completing paper and pencil assignments.  Yet, QUIA assignments are automatically and instantaneously corrected by the QUIA interface; therefore, this very necessary preliminary step towards enabling student persistence is executed for 100% of QUIA assignments, yet is completed by only 38% of students on paper and pencil assignments.  This factor, considered alongside the pro-QUIA student persistence data, was determined to be an indication that QUIA may improve student performance as measured by student persistence.


To reach a conclusion with regards to verification of the stated hypothesis, all factors were considered.  Notwithstanding the student persistence data that was considered to be an indicator in support of the hypothesis, and in consideration that the remaining two hypothesis considerations, homework scores and completion rate, were contrary to the hypothesis, it was determined by the researcher that a conclusion that the use of the QUIA platform of assignment delivery improves student performance could not be reached.  Of the data collected in this study directly related to the hypothesis, the majority was contrary to the hypothesis; therefore the researcher rejected the hypothesis.  Since no test of significance was conducted, the results cannot be generalized.

Further Considerations


Despite the rejection of the hypothesis, reasonable questions as to the validity of the paper and pencil homework scores, a key criterion in the rejection of the hypothesis, could be raised.  As indicated by figure 12, students responses to survey question 12 indicated that nearly 63% of students found it somewhere between “a little difficult” to “very difficult” to avoid simply filling in correct answers from wrote memory when correcting and re-attempting paper and pencil assignments.  Upon the close of the study, this was determined by the researcher to be a potential threat to the validity of these scores, as QUIA assignments offer no such opportunities (besides blind guessing) for students to receive credit for correct answers that they were not able to arrive at by means of their own skills and efforts.  The researcher also considered the fact that the difference in aggregate mean scores of each assignment type, 9% in favor of paper and pencil assignments, could be explained by students simply filling in, on average, only two correct answers per each twenty- question assignment.  In light of these confounding factors, the researcher determined that there was significant indication that calling into question the conclusion that paper and pencil assignments inherently produce higher scores than do QUIA assignments would be warranted, and that future studies of a different methodology and/or design could potentially reveal the scores earned by the students on QUIA assignments to be more valid measurements of their grasp of the homework content.


Additionally, analysis of the data compiled that was specific to research questions 6 through 8 seemed to indicate that the use of the QUIA platform of assignment delivery might produce benefits outside of the scope of the hypothesis.  Research question 7 concerned the affects of the use of QUIA on student motivation towards completing homework assignments.  Figure 8 showed that 7.69% more students “somewhat” or “strongly” preferred completing paper and pencil assignments than those who preferred completing QUIA assignments.  However, despite this, as indicated in Figure 10, 6.42% more students reported being “somewhat” or “much more” motivated to complete QUIA assignments than those who indicated the same for paper and pencil assignments.  This was considered to be an interesting dichotomy, as one may assume that preference and motivation data would follow similar arcs.  In the absence of such similarity, however, the researcher considered that the students’ somewhat greater stated motivation levels towards completing QUIA assignments to be an indication of the value of providing assignments via the QUIA platform, as higher motivation can lead to greater success.


Research question 6 inquired about student’s perceptions of the effectiveness of persistence; that is, whether making additional attempts to more accurately complete an assignment is perceived by the student to be beneficial.  A comparison of Figures 6 and 7 showed that 20.26% more students found it helpful to re-attempt QUIA assignments than did students who indicated that re-attempting paper and pencil assignments was helpful.  Additionally, fewer students found re-attempting QUIA assignments to be “not very” or “not at all” helpful, when compared to paper and pencil assignments, by an 11.39% margin.  The researcher considered student persistence towards correcting mistakes to be a positive student behavior, and the data compiled in investigation of research question 6 seems to indicate that QUIA assignments encourage this behavior to a greater degree than paper and pencil assignments and answer keys do.  This was considered to be another indication of the value of providing assignments via the QUIA platform.

Investigating research question 8 provided many indications that the use of QUIA assignments may be of greater benefit to students than paper and pencil assignments, from the standpoints of positively affecting student motivations towards attempting to maximize their performance on homework assignments, and maximizing their understanding of the content of the assignments.  Figure 10 shows that twice as many students (58.23%-29.11%) prefer using QUIA assignments to re-attempt their homework.  The data in Figure 13 reveals that a greater percentage of students found QUIA assignments to be more challenging to complete than those who indicated the contrary by 51.28%-16.66%.  Considering these 2 factors together, an identification of QUIA as the more challenging assignment platform alongside the indication of a preference for using QUIA to reattempt work, this was considered by the researcher to be an indicator that QUIA assignments are being received positively by students – that students indicated that they recognize the challenge in completing them, yet also indicated that a majority still prefer to use them to re-attempt their work.  This was considered to be another indication of the positive value of using QUIA assignments.  


The factors above identify indications of the positives derived from using QUIA assignments.  The data also indicated that the use of paper and pencil assignments and printed answer keys may promote less desirable student behaviors that the use of QUIA as designed by the researcher simply does not allow for.  For example, Figure 11 showed that only 41.77% of students responded that, when using printed answer keys to correct paper and pencil assignments, they “usually” or “always” reattempt incorrectly answered questions.  This means that nearly 59% of students “sometimes”, “rarely”, or “never” reattempt incorrectly answered questions.  They simply fill in correct answers, and then turn in their corrected work for credit.  On the contrary, the feedback provided on QUIA assignments does not explicitly state what the correct answer is – rather, it indicates the questions that were answered incorrectly, and presents instructor designed feedback for each incorrectly answered question.  This feedback provides logical and context clues to lead the students’ thinking towards the correct answer without stating the answer outright.  In doing so, the use of QUIA provides the same positive aspects of feedback that printed answer keys do without providing the negatives, and this was considered to be an indication of the positive value of using QUIA assignments.  Along these lines, as shown in Figure 12, 62.82% of students indicated that they find it “a little difficult”, “difficult”, or “very difficult” when using printed answer keys, to simply fill in correct answers from wrote memory on their second attempt on an assignment.  In responding as such, students indicated that the use of printed answer keys, to some extent, can subvert efforts to reassess their methods and thought processes in solving problems, as they often lose the struggle to avoid filling in correct answers without first truly attempting to re-solve the problem.  Again, this is a student behavior that QUIA does not allow for, as correct answers are not directly indicated.  The researcher took QUIA’s ability to avoid what was considered to be a negative student behavior as an indication of the value of using QUIA assignments.

It should be noted that the data collected germane to research question 5 seemed to indicate that students considered paper and pencil feedback to be more helpful than the feedback provided in QUIA assignments.  A comparison of Figures 3 and 4 shows that 26.58% more students found paper and pencil worksheet feedback as delivered by printed answer keys to be significantly helpful than did students who indicated a preference for QUIA feedback.   Figure 5 also showed that 11.55% more students indicated a preference for using printed answer keys to check and correct their work over using QUIA for the same purpose.  This would seem to indicate that the use of QUIA to deliver feedback and provide a platform for correcting student work does not represent an improvement over the printed format.  However, it can be reasonably inferred that student sentiment may be affected by the fact that the QUIA feedback, as designed by the researcher, did not directly indicate the correct answer for each problem; rather, the feedback provided context clues and stated key facts and logical paths to be utilized by the student to realize the correct answer, as opposed to simply revealing the correct answer, as a printed answer key does.  If this is a reasonable inference to make, that some students prefer to be simply told the correct answer via feedback rather than having to figure it out for themselves, then the data pertaining to research question 5 can actually construed as a positive indicator for the use of QUIA, as it compels students to more actively engage the assignment problems and evaluate their mistakes, thereby potentially achieving a greater understanding of the content.  

Conclusion


As previously stated, the data collected in response to research questions 1-4 indicates that the test and survey results do not support the hypothesis; therefore the researcher ultimately rejected the hypothesis.  However, much of the data collected in response to the remaining research questions seemed to indicate that the use of QUIA assignments could produce many positive affects and outcomes.  Even if one chooses to accept the validity of the paper and pencil assignment scores, and reject the above interpretation of the research question 5 data, the data collected from research questions 6, 7, and 8 seem to indicate that the use of QUIA can confer to students instructional advantages that, albeit may be outside of the scope of the stated hypotheses and are less tangibly evaluated, nonetheless represent significant improvements over traditional paper and pencil worksheets and answer keys.  If students find a method of instruction and assignment delivery to provide motivation to complete assignments, persist in attempts to complete assignments well, and better facilitates student efforts to master and understand the content, then this is a method that an instructor is obliged to utilize to his/her students’ benefit.  The data collected pertaining to research questions 6, 7, and 8 was interpreted by the researcher to indicate that students perceived that QUIA encouraged more persistence on their part in completing assignments successfully, and provided more motivation towards their efforts to complete assignments, maximize their performance on assignments, and reach a better understanding of the content of their assignments.  This interpretation led the researcher to conclude that, although the study data may have rejected the hypothesis of this research project, the data collected towards investigating the majority of the research questions outside of the directly measured scope of the hypothesis indicated that the use of QUIA assignments provides enough additional advantages and value to make it a worthwhile tool to continue to utilize in the researcher’s future delivery of the subject matter content.
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Appendix A – Student Assignment Scores and Data
	STU-DENTS
	QUIA B-1 SCR
	QUIA B-1 ATT
	 PP

B-2 SCR
	PP B-2 ATT
	QUIA

 G SCR
	QUIA G 

ATT
	PP G-2 SCR
	PP G-2 ATT
	QUIA

 S 

SCR
	QUIA S

 ATT
	PP R SCR
	PP R ATT

	**
	37
	1
	*
	*
	90
	1
	100
	1
	*
	*
	*
	*

	**
	63
	2
	94
	1
	33
	1
	33
	1
	*
	*
	100
	2

	**
	93
	7
	*
	*
	100
	8
	100
	2
	100
	1
	100
	1

	**
	93
	1
	100
	2
	0
	*
	93
	2
	*
	*
	100
	1

	**
	100
	4
	100
	1
	100
	6
	93
	2
	100
	2
	100
	1

	**
	*
	*
	94
	1
	13
	2
	100
	1
	*
	*
	100
	1

	**
	83
	2
	92
	1
	67
	1
	100
	1
	97
	2
	*
	*

	**
	83
	1
	100
	1
	13
	1
	100
	2
	45
	2
	100
	1

	**
	90
	1
	*
	*
	60
	2
	79
	2
	97
	1
	75
	1

	**
	100
	2
	100
	1
	80
	5
	100
	1
	81
	1
	100
	1

	**
	97
	2
	*
	*
	100
	4
	*
	*
	*
	*
	94
	1

	**
	93
	2
	58
	1
	73
	2
	100
	1
	94
	2
	97
	1

	**
	80
	1
	*
	*
	60
	3
	100
	2
	*
	*
	*
	*

	**
	90
	2
	89
	1
	100
	3
	100
	1
	*
	*
	97
	1

	**
	50
	1
	100
	1
	13
	1
	100
	1
	*
	*
	*
	*

	**
	*
	*
	50
	1
	*
	*
	100
	1
	*
	*
	*
	*

	**
	*
	*
	100
	1
	13
	1
	*
	*
	*
	*
	*
	*

	**
	80
	1
	*
	*
	27
	1
	*
	*
	87
	1
	100
	1

	**
	73
	1
	100
	1
	47
	2
	100
	2
	100
	1
	100
	2

	**
	*
	*
	89
	1
	47
	4
	100
	1
	97
	1
	94
	1

	**
	100
	1
	100
	1
	93
	1
	*
	*
	100
	1
	100
	1

	**
	93
	2
	100
	2
	93
	6
	100
	2
	97
	1
	100
	1

	**
	90
	3
	100
	1
	100
	7
	100
	1
	100
	1
	97
	1

	**
	53
	1
	100
	1
	33
	4
	100
	2
	68
	1
	100
	1

	**
	100
	1
	100
	1
	100
	5
	100
	2
	97
	2
	100
	2

	**
	97
	1
	100
	1
	80
	2
	44
	1
	97
	1
	*
	*

	**
	100
	1
	97
	1
	100
	4
	100
	1
	90
	1
	100
	1

	**
	63
	1
	97
	2
	33
	3
	100
	1
	55
	1
	97
	2

	**
	37
	1
	72
	1
	60
	3
	100
	1
	84
	1
	100
	1

	**
	100
	2
	100
	1
	100
	3
	100
	1
	100
	1
	100
	1

	**
	*
	*
	92
	1
	80
	3
	100
	1
	87
	1
	95
	1

	**
	97
	2
	100
	1
	100
	1
	100
	1
	100
	1
	100
	2

	**
	43
	1
	89
	1
	100
	11
	100
	1
	*
	*
	100
	1

	**
	*
	*
	94
	1
	13
	3
	20
	1
	*
	*
	50
	1

	**
	100
	2
	92
	1
	93
	2
	93
	1
	100
	1
	100
	1

	**
	100
	3
	100
	2
	100
	2
	100
	2
	100
	4
	100
	2

	**
	100
	1
	86
	1
	100
	2
	93
	1
	94
	1
	97
	1

	**
	83
	1
	89
	1
	33
	3
	93
	2
	97
	1
	100
	1

	**
	40
	1
	100
	2
	40
	3
	100
	1
	87
	1
	100
	2

	**
	67
	1
	50
	1
	47
	3
	72
	2
	68
	1
	88
	1

	**
	*
	*
	100
	2
	7
	3
	86
	1
	42
	1
	100
	2

	**
	93
	1
	100
	1
	93
	4
	100
	2
	100
	1
	100
	2

	**
	100
	3
	97
	2
	100
	2
	100
	1
	100
	1
	100
	1

	**
	*
	*
	92
	2
	47
	3
	93
	3
	97
	1
	100
	2

	**
	83
	2
	100
	2
	27
	1
	*
	*
	97
	1
	97
	1

	**
	93
	1
	100
	1
	93
	2
	100
	2
	97
	1
	100
	1

	**
	100
	5
	100
	1
	100
	6
	79
	1
	100
	1
	97
	1

	**
	*
	*
	94
	1
	73
	3
	*
	*
	*
	*
	94
	1

	**
	*
	*
	100
	1
	20
	3
	100
	1
	*
	*
	*
	*

	**
	*
	*
	92
	2
	7
	1
	100
	1
	94
	3
	94
	2

	**
	97
	2
	100
	1
	100
	7
	100
	1
	100
	1
	100
	2

	**
	100
	1
	100
	1
	100
	2
	100
	1
	100
	1
	100
	2

	**
	*
	*
	75
	1
	100
	2
	*
	*
	0
	*
	100
	1

	**
	97
	1
	94
	1
	87
	4
	100
	1
	100
	1
	100
	2

	**
	100
	3
	100
	1
	80
	6
	100
	1
	100
	2
	100
	2

	**
	100
	2
	92
	1
	100
	4
	44
	1
	*
	*
	*
	*

	**
	*
	*
	94
	1
	100
	6
	100
	2
	*
	*
	100
	2

	**
	93
	5
	97
	2
	53
	2
	93
	1
	97
	1
	100
	2

	**
	97
	1
	100
	1
	73
	2
	100
	2
	97
	1
	100
	2

	**
	*
	*
	*
	*
	7
	3
	100
	2
	97
	1
	100
	1

	**
	100
	1
	100
	1
	93
	4
	100
	1
	*
	*
	*
	*

	**
	57
	1
	97
	2
	53
	4
	100
	1
	*
	*
	100
	2

	**
	97
	1
	100
	1
	47
	3
	100
	1
	100
	1
	100
	1

	**
	83
	2
	97
	2
	80
	2
	*
	*
	*
	*
	50
	2

	**
	100
	2
	100
	2
	100
	5
	100
	1
	100
	1
	100
	2

	**
	80
	1
	100
	1
	13
	4
	100
	1
	100
	2
	100
	2

	**
	87
	1
	97
	2
	67
	5
	86
	1
	90
	2
	100
	1

	**
	93
	1
	100
	1
	100
	3
	100
	1
	100
	1
	100
	2

	**
	*
	*
	*
	*
	20
	2
	*
	*
	94
	2
	100
	1

	**
	93
	2
	100
	1
	100
	8
	93
	1
	100
	1
	100
	2

	**
	100
	3
	100
	1
	100
	5
	100
	1
	100
	1
	100
	2

	**
	*
	*
	*
	*
	*
	*
	100
	1
	*
	*
	100
	1

	**
	43
	3
	89
	2
	53
	1
	86
	1
	*
	*
	88
	2

	**
	97
	1
	100
	1
	100
	4
	93
	1
	97
	1
	97
	1

	**
	83
	1
	97
	1
	100
	4
	93
	1
	94
	1
	100
	1

	**
	73
	1
	97
	1
	13
	1
	14
	1
	100
	1
	100
	2

	**
	100
	3
	92
	1
	27
	1
	*
	*
	100
	5
	100
	1

	**
	87
	1
	97
	1
	100
	2
	100
	2
	100
	1
	100
	1

	**
	90
	1
	100
	1
	87
	3
	100
	2
	81
	1
	100
	2

	
	
	
	
	
	
	
	
	
	
	
	
	

	MEAN
	85.5
	1.7
	94.5
	1.2
	66.9
	3.2
	92.4
	1.3
	91.3
	1.3
	97.1
	1.4

	MEDIAN
	93.0
	1.0
	100.0
	1.0
	80.0
	3.0
	100.0
	1.0
	97.0
	1.0
	100.0
	1.0

	MODE
	100.0
	1.0
	100.0
	1.0
	100.0
	3.0
	100.0
	1.0
	100.0
	1.0
	100.0
	1.0

	COMP. %
	79.7
	
	88.6
	
	97.4
	
	87.3
	
	73.4
	
	87.3
	


Appendix 1 Notes: “SCR” = score; “ATT” = attempts per assignment.  Alphanumeric and alphabetic abbreviations are references to the names of each assignment.  QUIA assignments are noted- paper and pencil assignments are denoted as “PP”.

Appendix B –Student Survey
	Homework assignment completion and correction - Using QUIA vs. printed worksheets & answer keys

This survey is so that I can determine how helpful and effective my students consider the use of both printed answer keys and QUIA online homework assignments to be. Your honest responses will help me to better help you, and future students as well, to understand homework assignments and the concepts that you practice when you complete them. 

Thanks for helping out!
	
	· 


	1. When they are provided, how frequently do you use printed answer keys to check your "regular" (non-QUIA) homework worksheets?

1= rarely or never

2= about half of the time

3= more than half of the time

4= most of the time

5 = always/almost always

	2. How helpful do you find the use of the printed answer keys to be?

1= not at all helpful - they don't help me to understand my mistakes and the homework OR I never use the keys

2= not very helpful - they usually don't provide all the information I need to correct my mistakes and understand the homework

3= a little helpful - but they sometimes don't provide all the information I need to correct my mistakes and understand the homework

4= helpful - they usually provide all the information I need to correct my mistakes and understand the homework 

5= very helpful - they almost always provide all the information I need to correct my mistakes and understand the homework 

	3. How frequently do you re-attempt (or, complete a second time) a "regular" (non-QUIA) homework worksheet after you've checked it with a printed answer key?

1= rarely or never

2= about half of the time

3= more than half of the time

4= most of the time

5 = almost always/always

	4. How helpful do you find re-attempting homework worksheets after checking them with a printed answer key to be?

1= not at all helpful - doing so never helps me to understand my homework OR I never re-attempt/re-do my homework worksheets

2= not very helpful - doing so usually doesn't help me to understand my homework OR I usually don't re-attempt/re-do my homework worksheets

3= a little helpful - doing so sometimes helps me to understand the homework

4= helpful - doing so usually helps me to understand the homework 

5= very helpful - doing so almost always helps me to understand the homework

	5. How helpful did you find QUIA's ability to show you the correct answers and feedback on the mistakes that you made on the online homework assignments?

1= not at all helpful - it didn't help me to understand my mistakes and the homework OR I didn't check my work or read the feedback

2= not very helpful - it usually didn't provide all the information I needed to correct my mistakes and understand the homework

3= a little helpful - but it sometimes didn't provide all the information I needed to correct my mistakes and understand the homework

4= helpful - it usually provided all the information I needed to correct my mistakes and understand the homework

5= very helpful - it almost always provided all the information I needed to correct my mistakes and understand the homework

	6. How helpful did you find QUIA's ability to allow you to re-attempt online homework assignments in order to improve your score?

1= not at all helpful - it didn't help me to understand the homework or improve my scores at all.

2= not very helpful - I found re-attempting the homework improved both my score my understanding of the homework just a little bit

3= a little helpful - I found re-attempting the homework to somewhat improve both my score my understanding of the homework

4= helpful - I found re-attempting the homework to improve both my score my understanding of the homework 

5= very helpful - I found re-attempting the homework to greatly improve both my score my understanding of the homework




	7. In general, which type of homework assignment do you prefer to work on, printed worksheets or QUIA online worksheet assignments?

1=strongly prefer QUIA online worksheets

2= somewhat prefer QUIA online worksheets 

3=no preference for either type of assignment

4=somewhat prefer printed worksheets

5= strongly prefer printed worksheets 


	8. Specifically, which do you prefer to use to check your score and see your mistakes, printed worksheets and answer keys or QUIA online worksheet assignments?

1= strongly prefer printed worksheets and answer keys 

2=somewhat prefer printed worksheets and answer keys 

3=no preference for either type of assignment

4= somewhat prefer QUIA online worksheets

5=strongly prefer QUIA online worksheets


	9. Specifically, which do you prefer to use to re-attempt your homework to improve your score, printed worksheets and answer keys or QUIA online worksheet assignments?

1=strongly prefer QUIA online worksheets

2= somewhat prefer QUIA online worksheets

3=no preference for either type of assignment

4=somewhat prefer printed worksheets and answer keys 

5= strongly prefer printed worksheets and answer keys
 

	10. Specifically, do you find that you are more motivated to work on one type of assignment or the other- printed worksheets and answer keys or QUIA online worksheet assignments?

1= much more motivated to work on printed worksheets and answer keys 

2=somewhat more motivated to work on printed worksheets and answer keys 

3=no difference in motivation to work on either type of assignment

4= somewhat more motivated to work on QUIA online worksheets

5=much more motivated to work on QUIA online worksheets

	11. When correcting printed worksheets with written answer keys, which of the following below best describes your typical strategy:


1= I use the key to fill in correct answers, but never re-attempt questions that I answered incorrectly the first time

2=I use the key to fill in correct answers, but rarely re-attempt questions that I answered incorrectly the first time

3=I use the key to fill in correct answers, and sometimes re-attempt questions that I answered incorrectly the first time

4= I use the key to fill in correct answers, and usually re-attempt questions that I answered incorrectly the first time

5=I use the key to fill in correct answers, and always re-attempt questions that I answered incorrectly the first time




	12. When using written answer keys to correct printed worksheets, how difficult is it to make note of questions that you answered incorrectly WITHOUT simply remembering the correct answer and filling it in on your 2nd attempt at those problems?

1 = Very difficult - I almost always find myself simply filling in answers that I remembered from the key

2 = Difficult - I often find myself simply filling in answers that I remembered from the key

3 = A little difficult - I sometimes find myself simply filling in answers that I remembered from the key

4 = Not very difficult - I usually don't find myself simply filling in answers that I remembered from the key

5 = Not at all difficult - I almost never find myself simply filling in answers that I remembered from the key



	13. Which type of assignment provides a greater challenge to achieve a higher score, printed worksheets or QUIA online assignments?

1= QUIA assignments are much more challenging than printed worksheets

2= QUIA assignments are somewhat more challenging than printed worksheets

3 = I don't find one type of assignment to be more challenging than the other type

4= Printed worksheets are somewhat more challenging than QUIA assignments

5= Printed worksheets are much more challenging than QUIA assignments



	14. Which type of assignment would you be more likely to use to help you to prepare for a test, printed worksheets or QUIA online assignments?

1= Much more likely to use printed worksheets than QUIA assignments

2= Somewhat more likely to use printed worksheets than QUIA assignments

3 = I wouldn't be more likely to use either type of assignment OR I wouldn't use either type of assignment to prepare for a test

4= Somewhat more likely to use QUIA assignments than printed worksheets

5= Much more likely to use QUIA assignments than printed worksheets




