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Abstract 

Despite some evidence of the effectiveness of formative assessment in educational practices, 

technological constraints make it difficult to incorporate that process into online mathematics 

classes.  This study was designed to answer the questions of whether formative evaluation offers 

improved performance, interest, and transfer of learning for studying in on-line mathematics 

courses.  Careful consideration of the types of errors students make and how to give feedback 

were investigated.  The theoretical perspective that drives the research centers on the idea that 

learners construct knowledge, and it is the interaction between teacher and student that facilitates 

this construction.  For this study, that interaction occurred using formative assessment 

techniques. [Past tense for results] Because the area of formative assessment has suffered from a 

lack of agreed upon definition Because there has been no consensus definition of formative 

assessment, space is given to operationalize how terms are used in this paper.  A total of 60 Sixty 

students from Dallas County Community College participated in the two-week online study.  The 

students were randomly assigned to one of the two feedback conditions: formative or summative 

feedback.  Participants worked entirely online completing two modules in geometry followed by 

a post-test.  Students received either numerical grades only or individual comments only on each 

of the two treatment sessions.  As predicted, the experimental group showed a significant 

improvement compared to the control group on performance and transfer of learning.  Interest 

level, however, was not shown to be affected by the type of treatment given.  In addition, each 

group was broken down into two sub categories: high and low achievers.  An exciting finding 

was showed that those classified as low achievers saw the greatest benefits from this treatment.  

The implications of these findings are discussed.  [Good abstract! More complete. All the content 
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you have included seems worthy. Word-smithing as illustration of more general editing 

techniques; I won’t do this for the rest of the paper—for reasons of time.] 

Keywords: formative, summative, assessment, evaluation, performance, mathematics 

The Effects of Formative Evaluation on Learning Mathematics Online  

 

Introduction 

Problem with Assessment Online 

The Program for International Student Assessment (PISA) released its results at the end 

of 2010 and it was revealed that 15 year olds in the U.S. ranked 25th among peers from 34 

countries on the mathematics portion of the test (PISA, 2011).  Regarding the results Education 

Secretary Arne Duncan said, “The brutal fact here is there are many countries that are far ahead 

of us and improving more rapidly than we are.  This should be a massive wake-up call to the 

entire country” (Hechinger, 2010, para. 4).   What exactly we are supposed to be waking up from 

is not as clear, since learning mathematics is an extremely complex activity and there are many 

areas where things can “go wrong” for students when they attempt to solve problems.  One of the 

crucial responsibilities of a mathematics teacher is to ascertain how students are assimilating the 

material and the types of errors they are making. 

A significant way that teachers can determine how the content is being understood is 

through assessment and evaluation.  The traditional approach of evaluation, however, involves 

students receiving grades for tests, assignments, and papers.  This is called the summative 

approach, and has advantages because it is relatively easy to create, administer, and evaluate 
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these kinds of assessments.  The problem is that this kind of evaluation typically fails to offer 

guidance to students on how their work can be improved and once grades are recorded the 

instruction moves to a new topic.  Even if the teacher spends time giving feedback as written 

comments, if a grade is also attached to the evaluation, the comments have been shown to be of 

no use in helping students improve (Butler, 1988).  Dylan Wiliam sums up these findings by 

saying, “if you are going to grade or mark a piece of work, you are wasting your time writing 

careful diagnostic comments” (Wiliam, 1999, p. 8).  One possible reason for this is that once 

students receive a grade, their learned response is to move on to a new topic, ignoring all 

qualitative feedback, and hindering their ability to improve on errors.  Another possibility is that 

emotionally the only significant event is the grade and students are not able to focus on the 

qualitative feedback. 

In contrast, formative assessment, which can be thought of as assessment that spurs 

further learning, requires teachers to gain access to the thought process behind students’ answers 

(Chappuis & Stiggins, 2002; Waterman, 2010).  Teachers can use this information to give 

students more opportunity to interact with the content and their misunderstandings.   Black, 

Harrison, Lee, Marshall, and Wiliam (2003) reviewed the formative assessment literature and 

were able to identify 20 studies that showed that “strengthening the practice of formative 

assessment produces significant and often substantial learning gains” (p. 41).  Lipnevich and 

Smith (2009) found that feedback given to students as a result of formative assessment had a 

positive effect on learning.  Although this approach has been demonstrated to be effective, it is 

often superseded by traditional evaluation methods (Black & Wiliam, 1998a). 

Because formative evaluation often requires a lot of student and teacher interaction it is, 

perhaps for logistical reasons, less commonly employed in an online environment (Wang, 
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Wang,Wang, & Huang, 2006). Although, formative evaluation does not require face-to-face 

interaction it does require access to how the student thinks about a topic, and this can be difficult 

when teacher and student do not meet in a physical location.  Mathematics courses conducted 

online are particularly vulnerable because of the technological constraints.  Because many 

mathematics problems can only be solved using formulas and equations, they need to be worked 

by hand and it is cumbersome for students to show their work digitally.  Many students do not 

have scanners or want to use them to digitize their work.  Without the digital version of the work 

it becomes unlikely that teachers can look for problems in the thought processes behind the 

students’ answers. 

If we are to answer the wake-up call that Education Secretary Arne Duncan has asked for, 

we need a window into the thinking of how students are solving mathematical problems.  Only 

when this is done can teachers begin to understand how errors are occurring and offer an 

appropriate remedy.  Specifically, this paper considers whether using formative evaluation to 

uncover student errors in an online mathematics class is worth the effort to overcome the 

technological barriers that make this process difficult.  The next section reviews the types of 

errors that mathematics students can make that is of particular interest in this study. 

 

Types of Errors 

The idea of this research is that uncovering errors students make will in turn allow the 

instructor to offer appropriate remediation to the student.  Learning mathematics is a complex 

activity and there are many ways that things can go wrong when a student attempts to solve a 

problem.  In this study the types of nonrandom errors that occur when solving mathematics 
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problems were put into four categories:  buggy algorithms, misconceptions, errors in logic, and 

lack of structural knowledge. 

A buggy algorithm is an error in the logical steps and/or procedures that need to be used 

to solve the problem (Li & Li, 2008).  A misconception is the result of a student 

misunderstanding the basic concept of what is taking place (Li & Li, 2008).  A misconception 

may or may not result in a buggy procedure, and a buggy procedure may or may not be tied to 

flawed concept (conception). An error in logic is a breakdown of the deductive process where the 

reasoning for an answer was not provided the needed degree of support from the premises 

(Shaughnessy, 1985).  Lack of structural knowledge is any missing knowledge that is a necessary 

condition for successful problem solving (Mayer, 1984).   

It is perhaps easiest to give an example that illustrates the differences among the various 

errors this study considered.  Take the 45-45-90 triangle where a student must solve for the 

length of the two missing legs (Figure 1). 

 

Figure 1 

If students are given instruction on triangles where the examples are too often equilateral it is 

possible they could develop an understanding that all triangles must have three sides of the same 
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length.  This would be an extreme example of a misconception of triangles, which would likely 

result in the wrong answer (incidentally many children have this misconception of triangles; van 

Hiele, 1999).   If students attempt to solve the problem with the formula: Leg = Hypotenuse x √2 

(reversing the leg and hypotenuse in the correct formula) then they are using a buggy algorithm, 

which will result in the wrong answer.  Lack of structural knowledge can be thought of as 

missing information that is required to do the work.  Here if students have forgotten the formula 

for finding the legs of a 45-45-90 triangle, rather than misconstruing as in the buggy algorithm, 

they would be simply lacking the knowledge needed to solve the problem.  Finally, if students 

are aware that sides of a triangle have a corresponding relationship to the opposite angles and yet 

their answers indicate that the legs are larger than the hypotenuse or determine the legs are both 

different sizes, then an error in logic has been committed.  That is, the answer is not supported by 

a known premise.  (In this case, the premise alone would not give the correct answer, but would 

make it obvious that what they had was incorrect.)  It should be noted that if a student simply 

supplied a teacher with a wrong answer, like found as on a multiple choice test, it would be far 

more difficult to determine, which, if any, of these errors occurred. 

Although these errors are different in definition they also have aspects that overlap.  For 

example, if a student is lacking structural knowledge about a key piece of information it can lead 

to a misconception (Mayer, 1984).  If a student is aware that a hypotenuse is the largest side of a 

triangle, yet uses the buggy algorithm, Leg = Hypotenuse x √2 it can also be seen as an error in 

logic because multiplying the hypotenuse by any number greater than one to find another side is 

a clear violation of a known premise.  In another case, students might be able to deduce an 

answer from known facts, but do not because they already have a prior misconception about the 
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conclusion and they ignore their intuition.  All the errors listed are of importance to the evaluator 

and the next section reviews the method used to uncover these errors—formative assessment. 

 

 

 

Formative Assessment - General 

The basic concept of formative assessment has been practiced by educators for centuries. 

The origins, however, of formative assessment as a formal theory can be traced back to Scriven’s 

(1967) description of formative evaluation in education (Allal & Lopez, 2005).   The seminal 

work in this field comes from Black and Wiliam (1998b).  One citation index shows their paper 

has been cited over 1,000 times.  In the paper they state that the evidence “shows conclusively 

that formative assessment does improve learning” (Black & Wiliam 1998b, p. 61).  With Black 

and Wiliam’s review there has been an explosion of interest in formative assessment. 

A careful examination of the formative assessment literature demonstrates the absence of 

agreed upon definitions.  For example, Black and Wiliam (1998b) defined assessment as “all 

those activities undertaken by teachers, and/or by their students, which provide information to be 

used as feedback to modify the teaching and learning activities in which they are engaged” (p. 

17).  These activities could include reading and writing exercises, lecture checks, group work, 

board work, class debates, etc.  Sadler (1989), in contrast, defined formative assessment as, “a 

process used during instruction to provide feedback for adjustment of ongoing teaching and 

learning for the purposes of improving student achievement related to instructional objectives” 
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(p. 120).  Taras (2009) pointed out that Black and Wiliam have inconsistent processes of 

formative assessment listed in the same paper and only one is supported by their definition.   The 

first process, which does follow the definition, centers on the concept of classroom interaction 

where the teacher is the instigator of the process.  The second, which does not correspond to the 

original definition, seems to be more of a “dramatic conceptual leap” (Taras, 2009).  This 

process involves identifying a desired level of knowledge versus the actual level and then using 

that information to close the gap, which is more closely related to Sadler’s definition. 

Moreover, much of the assessment literature is devoted to making a clear separation 

between summative and formative assessment.  Summative assessment, however, can be used 

with formative intentions (Bell & Cowie, 2000).  For Black and William an assessment is only 

formative if it is used to provide feedback to the teacher and/or student.  For them “feedback to 

any pupil should be about the particular qualities of his or her work, with advice on what he or 

she can do to improve, and should avoid comparisons with other pupils” (Black & Wiliam, 

1998a, p. 142 ).  Other researchers define feedback as information about the gap between actual 

and predetermined levels (Ramaprasad, 1983; Sadler, 1989).  Usually it will be mentioned that 

the feedback must be used to modify the teaching and learning process.  Technically speaking, 

however, an assessment that assigns only a grade (e.g., “A” or “B”) does provide feedback and 

could be used in the future to adapt the teaching and learning process.  This would be classified 

as formative assessment under many researchers’ definitions—if even in a limited way.  

For Taras (2009) breaking formative and summative assessment into two divisions is a 

false dichotomy.  She pointed out that for formative assessment to take place a judgment of the 

quality of work must have happened and this judgment is a summative assessment.  Sadler also 

believed that the initial assessment must be a summative assessment and by not naming the 
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initial step of summative assessment, the whole process of formative assessment seems to have 

become confused by researchers (Taras, 2009 ). 

Regardless of how an assessment is designed or packaged it is the use of the results that 

determine whether an assessment is formative or summative.  The literature is filled with 

ambiguous uses of terms.  For example, one researcher used a summative assessment, but 

incorporated formative assessment by providing both quantitative and qualitative feedback about 

the results.  That is, feedback both as written comments as well as a grade on the test.  This was 

termed “formative summative assessment” (Wininger, 2005).  This exemplifies complications 

that arise when one defines assessment by usage.  As Dunn and Mukvenon (2009) wrote, “an 

assessment is an assessment, and the manner in which an assessment is evaluated and used is a 

related but separate issue” (p. 2). 

By separating assessment from evaluation it brings the field back to its roots when 

Scriven (1967) originally defined the term as “formative evaluation.”  Some researchers have 

traced the complications of the field back to when Bloom (1969) transferred the term 

“formative” from evaluation to assessment (Dunn & Mulvenon, 2009).  An assessment can be 

designed for a certain purpose, but teachers can use the data gathered in any way they see fit.  It 

is how the information is being used (evaluated) that is important.  Because of the historical lack 

of commonality in the definitions of the terminology relating to assessment the next section 

defines how terms are used in the study. 

 

Formative Assessment - Definitions 
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Some researchers, in a well-meaning attempt to meld summative assessment to formative 

assessment, (Taras, 2009; Salder, 1989) seem to have caused even more confusion in the field.   

Clearly there are different flavors of assessment and how a teacher uses the information from the 

assessment can differ regardless of the intended purpose of the assessment.  Separating 

assessment from evaluation alleviates many problems present in the literature.   

Because it adds clarity to distinguish between assessment and evaluation this will start by 

supplying the definitions of the various components of assessment and then move to evaluation.  

An effective definition of assessment is something that refers to judgments of performance 

(OECD, 2005).  Summative assessments then are those assessments designed to determine a 

student’s academic development after a set unit of material (i.e., assessment of learning; 

Stiggins, 2002).  Formative assessments are assessments designed to monitor student progress 

during the learning process (i.e., assessment for learning; Chappuis & Stiggins, 2002).  

On the other side, evaluation is defined as utilizing assessment-based data for a specific 

purpose.  Summative evaluation is the evaluation of assessment based data for the purposes of 

establishing a student’s academic standing relative to some established criterion (Dunn & 

Mulvenon, 2009).  A summative evaluation gives academic progress at the end of specified time 

period (e.g., anywhere from a unit of material to an entire school year).  Formative evaluation is 

the evaluation of assessment-based evidence for the purposes of providing feedback to inform 

teachers, students, and educational stakeholders about the teaching and learning process (Dunn & 

Mulvenon, 2009). 

These definitions not only helped operationalize the terms, but also they help clarify 

many of the ambiguities found in the terms throughout the literature.  Although it is common in 
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the literature to refer to the practice as formative assessment it would be more specific to call it 

formative evaluation. 

The above definition of formative evaluation qualifies for this study, but because it is the 

independent variable of the experiment it is prudent to give a more detailed version of the 

definition.  For this research, formative evaluation is defined as the evaluation of assessment-

based evidence for the purposes of providing feedback to students regarding the rationale of their 

responses in an attempt to correct buggy algorithms, lack of structural knowledge, errors in logic, 

and misconceptions in their thought processes. [Very nice discussion] 

 

Constructivism 

The underlying theoretical perspective informing this research is constructivism.  The 

early research on mathematics education viewed student errors as problems that needed to be 

avoided, and misconceptions as something that needed to be replaced with accurate information 

(Even & Tirosh, 2008).  This stems from a behaviorist view of learning.  With this approach the 

learner is passive recipient responding to environmental stimuli.  The student is viewed as a 

clean slate (i.e. tabula rasa) and what is learned happens through positive or negative 

reinforcement.  The underlying assumption of this is that knowledge can be transferred intact 

from one person to another and any current knowledge a student has is irrelevant to the learning 

process (Olivier, 1989; Mamba, 2011). 

In contrast to the behaviorist perspective, a constructivist perspective on learning assumes 

humans generate knowledge and meaning from an interaction between their experiences and 

their ideas (Smith, diSessa, & Roschelle, 1993).  Here the current knowledge a student has will 
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help determine what the student will learn.  With behaviorism it is solely the experience that 

causes the associations and determines what is learned.  With constructivism it is the interaction 

between cognitive structures and experiences. 

An important concept in regards to constructivism is mental schemas. This paper looks at 

schemas from a Piagetian perspective, which is defined as a cognitive framework organized 

around a theme that helps interpret information (Piaget 1952).  In particular, the important theme 

will be logical-mathematical schemes.  As Derry (1996) described them, “These schemas have 

come to represent the ‘big ideas’ underlying mathematics understanding that student must 

construct for themselves” (p. 167). 

For the behaviorist, learning simply requires making new associations from the 

environment, but for the constructivist learning often requires assimilating to existing schemas.  

Misconceptions are important to this view because they exist in schemas and interact with newly 

assimilated information.  These misconceptions can twist and distort information generating 

errors.   Because of the nature of learning, according to this view, misconceptions are considered 

inevitable and can be used as an important source of information about the learning process.  

This means teachers should regard errors as clues for uncovering how students have constructed 

the knowledge incorrectly (Borasi, 1996; Maba, 2011). 

From the constructivist perspective learners make sense of new information when it is 

incorporated in mental schemas (Smith, diSessa, & Roschelle, 1993).  Often a teacher’s job is to 

help students organize how well their schemas are connected (Donovan & Bransford, 2005).  

Although teachers can assist in the process they cannot change students’ schemas directly.  J 

Smith states, “Change has to happen internally and organically as students try to make sense of 
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new experiences and new ideas” (personal communication, September 1, 2011).  This is done by 

creating a way for learners to interact with their interpretation of content and the experts 

interpretation.  This interaction can come from teachers, peers, or even careful diagnostic 

feedback (Reveles, Kelly, & Durán, 2007).  Interaction works best if it is close to the boundary 

of what a student knows and does not know, called the zone of proximal development (ZPD) 

(Vygotsky, 1978).  For Vygotsky (1978) learning was a social process that required interacting 

with others. 

Vygotsky’s theory distinguishes two levels of development.  The first is the current level 

of the individual.  The second is the level of potential development.  This potential development 

is the level that the student is capable of reaching with the assistance of a teacher or peers 

(Heritage, 2010).  To guide in this process it is important to build scaffolding for the student 

(Belland, Glazewski, Krista, &  Richardson, 2008).  For example, a teacher may ask “leading or 

probing questions to elaborate the knowledge the learner already possesses, or providing 

feedback that assists the learner to take steps to move forward through the ZPD” (Heritage, 2010, 

p. 8).  As the learner becomes more competent in the subject area the scaffolding is gradually 

reduced until the learner is able to function independently (Heritage, 2010; Tharp & Gallimore, 

1988). 

The connection to formative assessment is clear.  Formative assessment enables teachers 

and students to consistently work in the zone of proximal development (Heritage, 2010).  By its 

nature formative assessment involves an interaction or a dialogue between teacher and student 

and it is this interaction that helps to build what Vygotsky (1978) calls “maturing factors” (p. 

86).  By carefully utilizing formative assessment teachers can monitor errors that crop up in the 

students’ assessments and use that information to support learning (Heritage, 2010).  This study 
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is concerned with finding student errors by using formative evaluation, which allows the 

evaluators to feed the information back to the students and give the learners the opportunity to 

confront their buggy algorithms, lack of structural knowledge, errors in logic, and 

misconceptions.  When students are allowed to do this the belief is that it empowers them and 

gives them increased confidence in their ability.  Careful consideration of how this information is 

to be fed back to students is discussed in the next section. [Again, good section] 

 

Feedback 

For Sadler (1989) feedback is the crucial factor to aid learning.  It is usually defined by 

giving information about how something is being done.  Sadler (1989) instead prefers a systems 

perspective of feedback and uses the definition “information about the gap between the actual 

level and the reference level of a system parameter that is used to alter the gap in some way” (p. 

4).  With this approach feedback loops are important and formative evaluation is the key to 

closing the gap.  From a constructivist perspective J. Smith states, “feedback is only ‘real’ to the 

learner if he/she can ‘take it in’ in some way. Feedback offered is not necessarily feedback 

received” (personal communication, September 1, 2011). 

To create these feedback loops requires students to practice in a supportive environment 

that usually includes a teacher who understands the skills that are needed for improvement and 

how to correct a poor performance.  For Sadler’s model the feedback is used both by teachers to 

make programmatic decisions and also by students to monitor their strengths and weaknesses.  

The key is that it is only feedback “when it is used to alter the gap” and is useless if the 

“information is simply recorded” (Sadler, 1989, p. 121). 
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Effective feedback focuses on the task and provides the student with suggestions, hints, 

or cues; feedback as praise is problematic (Kluger & DeNisi, 1996).  For the feedback to be 

successful it must be prompt and accurate.  The closer the feedback comes to the assessment the 

more effective it is for student achievement (Waterman, 2010).  Wiliam and Leahy (2007) advise 

three time scale cycles for feedback: short, medium, and long.  The short time scale is between 

five seconds and one hour.  Medium feedback occurs between one day and two weeks.  

Feedback on the long scale is between four weeks and one year.  For this study feedback 

occurred between the short and medium scales but was never longer than 24 hours. 

Further evidence points to the role of effective feedback in the learning process.  In a 

review of 196 studies describing nearly 7,000 effects it was reported that feedback had an 

average effect size of 0.79 (Hattie & Timperley, 2007; Heritage, 2010).  If realized, an effect of 

this size would be one of the largest in educational interventions and would have a profound 

influence on a student’s success.  Sadler, however, was concerned with the puzzling results that 

some studies showed that even when teachers provide feedback there was no improvement or 

even worse feedback was shown to hurt improvement (Wiliam, 1999).  One answer for the 

conflicting findings is explored in the next section on motivation. 

 

Motivation 

Attribution theory is a good place to start when looking at what motivates students 

academically.  It focuses on how people attribute the causes of events and how these judgments 

influence internal perceptions.  It is tied with the concept of self-efficacy, which are the students’ 
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beliefs in their own competence.  The students’ self-efficacy will play a role in how they will 

interpret success or failure. 

In mathematics the self-efficacy of students is their internal perceptions of the potential 

for their success (Wolters & Rosenthal, 2000).  It has been shown that Students with higher 

levels of self-efficacy set higher goals, apply more effort, and persist longer on difficult tasks 

(Tanner & Jones, 2003).  Students with this high self-efficacy do not believe that mathematical 

ability is fixed and they attribute their success or failure to internal factors (Black, 1998).  Black 

(1998) worried that when students repeatedly get low grades it may cause “a shared belief 

between them and their teacher that they are just not clever enough” (p. 43).  Thus, low self-

efficacy can be the unintended result of summative assessment (Tanner & Jones, 2003).  This 

can create a vicious circle where a student receives a failing grade, which lowers self-efficacy 

that results in more failing grades. 

A study by Butler (1988) demonstrated that giving grades does boost students’ interest, 

but only when the grades are high.  As the grades dropped interest plummeted.  In another study, 

Butler (1987) broke 200 students into four groups and individuals of each group were given one 

of four kinds of feedback on a lesson: Comments, grades, praise, and no feedback at all.  On the 

second lesson only those who received comments showed improvement over the first lesson.  

The same students were also given a questionnaire to see if they attributed their success or failure 

to ego-involvement or task involvement.  Those who were given comments had high levels of 

task-involvement but their ego-involvement was the same as those that received no feedback at 

all, while the two groups that received praise or grades both had high ego-involvement and low 

task involvement (Wiliam, 1999).  In addition, they demonstrated no improvement in 

performance. 
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In a review of 131 studies on feedback it was found that, on average, feedback did 

improve performance (Wiliam, 1999).  A closer look shows a significant difference between the 

studies.  A whopping 40% of the studies showed giving feedback actually had a negative effect 

on performance (Wiliam, 1999).  On further investigation it was found that those studies where 

feedback hurt performance the feedback was focused on self-esteem or self-image (as in the case 

of grades or praise) (Wiliam, 1999).  This suggests the importance of the kind of feedback used.  

In particular formative feedback is recommended (Black & Wiliam, 1998b).  Feedback is 

considered formative when it is neutral, quick, and its purpose is to inform the learner of changes 

that can be made to improve performance (Wiliam, 1999). 

 

Purpose of the Study and Research Questions 

The purpose of this study was to assess the effectiveness of giving feedback using 

formative evaluation as compared to traditional assessment methods with regards to college 

students’ learning and interest in mathematics in an online environment.   Specifically, it looked 

for a significant difference in performance, interest, and transfer of learning between the two 

groups. 

It used college students randomly assigned to either a control or experimental group that 

covered two geometry modules entirely online.  When subjects worked on quizzes both groups 

showed all their work.  The control group received summative only feedback (numeric grades) 

whereas the experimental group received formative evaluation (comments only).  For this 

research, formative evaluation is defined as the evaluation of assessment-based evidence for the 

purposes of providing feedback to students regarding the rationale of their responses in an 
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attempt to correct buggy algorithms, lack of structural knowledge, errors in logic, and 

misconceptions in their thought processes. 

The four research questions examined were: 

1) Does formative evaluation increase test performance in contrast to summative 

evaluation? [The additional text is important because you are not comparing the experimental 

condition to all other evaluation conditions.] 

2) Does formative evaluation have a greater effect on low achieving students? 

3) Does using formative evaluation influence a learner’s interest in the material? 

4) Do students given formative evaluation learn the material on a deeper level? 

 

Method 

Sample 

After obtaining IRB approval from Michigan State University and Cedar Valley College 

the recruiting of students to be subjects in the experiment began.  Recruiting participants was 

done through multiple methods, which drew students from various areas of the college.  First 

flyers were distributed around the campus.  Second, teachers made announcements in their class 

to solicit volunteers.  Third, a Web site was developed to encourage student participation.   

In addition, there were some incentives for students to participate.  For example, certain 

teachers offered their students extra credit to join the study.  These students were given a 

certificate of completion at the end of the study to show their instructor.  Also, students were 
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made aware that on completion of the experiment they would automatically be entered in a 

drawing for a chance to won an iPad or a Texas Instruments calculator.  An online form was 

created to make it easier for students to register themselves into the study. 

Sixty students were selected from Cedar Valley College.  This is part of the Dallas 

County Community College District (DCCCD), which is the largest undergraduate institution in 

the state of Texas.  The student population is diverse: 24.3 percent Hispanic, 23.9 percent 

African-American, 8.4 percent Asian, 39.9 percent Anglo and 3.4 percent all others combined 

(Who We Are, 2011).  Although the sample came from a diverse population, racial 

demographics of the sample were not collected.  Of the 60 subjects 33 were females and 27 were 

males.  The mean GPA of sample was 3.37. 

A matched pairs approach was used to create two groups.  This means that Each student 

was paired with someone with a similar or the same GPA.  This created 30 pairs of students.  

Then one member from each pair was randomly assigned to the control group while the other 

went to the experimental group.  After using this matched pair approach two groups were 

created: a control and an experimental.  The average mean GPA for the control was 3.376 and 

the experimental group average mean GPA was 3.364.  Because the two mean GPAs were so 

close it gave two equivalent groups, in terms of academic ability academically speaking.   

After creating the experimental and control groups it was noticed that the sample had a 

natural bimodal distribution in terms of GPA.  In other words, there were many students with 

high GPAs and low GPAs, but not a lot in the middle range.   As a result, it was decided to 

examine if there were statistical differences when formative evaluation was applied between the 

high and low ranges.  The mean average GPA of the sample was taken and those above the mean 
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were classified as high achievers and those below were classified as low achievers (note: no 

students had the exact mean GPA). [Do you want to claim that bimodality was representative of 

the larger population of DCCC students?] 

 

Procedures 

 After participants were placed in their respective groups they were enrolled in the 

Blackboard course management system (version 9.1).  Students were never made aware of which 

group they had been placed in and only a hidden column in the grade book helped evaluators to 

identify which treatment condition a student was in.  The experiment was conducted entirely 

online over two-weeks.  (Most participants finished in less than a week.)  Students were allowed 

to log in at their convenience.  The online experiment was broken down into three sessions: 

triangle module, circle module, and final evaluation. 

 The layout of the online environment included seven buttons: Announcements, Start 

Here, Module 1, Module 2, Final, Tools, and Extra Material.  The announcements was an area 

where updates were given and served as the entry point for the course.  The Start Here button 

had a four-minute media presentation that gave an overview of the important information that 

students needed to know and how to get started.  Module 1 contained a media presentation on 

triangles and the assessment quiz that covered the content.  Module 2 had media on circles and 

the assessment quiz that followed up this material.  The Final button had the eight-question post-

test that covered content on the two previous modules plus a transfer of learning question.  The 

Tools button allowed students to send an e-mail or check their grade (checking the grade was 

only relevant to the control group).  The Extra Material button contained additional information 
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on geometry including essays and videos.  No information was given about the Extra Material 

button and it was added to gauge interest level of the students—the thought being based on the 

supposition that those who spent time looking at this extra content were showing more interest in 

the material. 

The first session, the triangle module, started by students’ watching a 20-minute media 

presentation on triangles.  Specifically, it covered topics such as: perimeter, area, Pythagorean 

theorem, special right triangles, etc.  Both the control and experimental groups watched the same 

media presentation.  After viewing the video, the students took an assessment over the content 

that was delivered in the presentation.  Subjects were given instructions on how to show their 

work and to keep the student from having to use cumbersome mathematical symbols they were 

given a list of keyboard alternatives (Table 1). 

 

Process Mathematical Symbol Keyboard Symbol Example 

Division  ÷ / 6/3=2 

Pi π pi Area=64pi 

Square root √ Sqrt( ) Sqrt(4)=2 

Exponent  4² 4^2 4^2=16 

Angle ∠ < <BAC=60 degrees 

Table 1 
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All participants took the same assessment and were required to show their work on how 

they solved the problems.  The only difference between the two groups was that the experimental 

group received formative evaluation, whereas the control group received summative evaluation.  

That is, the experimental group received comments only.  If an answer, and the work 

accompanying it, was correct, subjects were informed so, and if it was incorrect, they received 

individualized comments with instructions to address the issue.  No grade was given to the 

experimental group during the treatment phase.  The control group did receive a numeric grade 

and their correct answers were indicated with a green check mark and incorrect answers shown 

with a red X.  No comments were given to this group.  In fact, their work was not examined at all 

and only the answers were evaluated.  The control group showed their work only to prevent a 

potential confounding variable.  In other words, it was to ensure that it was not the act of writing 

out how the problems were solved that had the benefit. 

For the comments only group the feedback was individualized but followed specific 

guidelines.  For example, it was quick (within a few minutes to hours), neutral, and required 

action on the student’s part.  In addition, the feedback did not supply the answer, but just 

comments that addressed specific errors such as buggy algorithms, lack of structural knowledge, 

errors in logic, and misconceptions in the work.  The experimental group was required to act on 

comments that addressed wrong answers before moving on to the next module.  If after two 

rounds of feedback the student still did not answer the question correctly they were instructed to 

move on.  (It is important to note that the students in the comments only group were never given 

a grade during treatment.) 

Because research shows prompt feedback is important (Waterman, 2010), a second 

college instructor was used to give feedback.  He was brought in on day three of the experiment 
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and I covered all the errors I was seeing from students and gave him my standard responses.  In 

most cases, he was able to copy and paste the responses to ensure uniformity in our feedback.  

He was instructed to consult with me on any responses he was unsure of before giving feedback. 

The second module required a password before subjects could access it to prevent 

students from moving ahead prematurely.  This session ran identical to the first, but this time 

they watched a 20 minute media presentation on circles.  The content of the second presentation 

included: radius, diameter, circumference, area, arc length, etc.  There was an assessment 

afterwards that covered the content shown in the presentation.  Again, the experimental group 

received comments only, while the control group received a numeric grade with no comments.  

After the second quiz was completed it was the end of the treatment and it was time to test if that 

treatment was significant.  When the subject was ready the evaluator sent the password to gain 

access to the multiple-choice final.   

The final assessment was meant to test the treatment of the evaluation condition that the 

subjects were given in the first two modules sessions.  The content of the final assessment was 

material from the first two modules on triangles and circles.  This test, unlike the quizzes, was 

multiple-choice and students did not have to show their work.  The evaluation was automated 

and after completing the post-test students automatically received a grade.   The last task was for 

subjects to complete an interest questionnaire to finish the research study.  After the study was 

completed students were randomly selected for the prizes in the raffle and the winners were 

announced.  At this same time a media presentation was sent to students that debriefed them on 

what the research study was about and how they could find out more information. 
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Analysis of formative feedback. 

Although an exhaustive review of the formative feedback given to students during this 

study is impractical, it is worthwhile to illustrate several examples for the reader.  In this first 

example (Figure 2), a student needed to find the diameter and decide she needed to multiply by 

pi to find the answer. 

If RS = 10, what is the diameter of Circle T? 

 

Figure 2 

 

 

2*3.14*20=62.8 

Clearly the student got off track with this problem.  The feedback given to the participant was 

this: 

One of the nice things about geometry is that we can usually look at 

the figure to see if our answer makes sense.  Here we know line RS is 
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10.  Does the line across the circle seem over six times longer than RS?  You 

can actually use your fingers to measure and estimate the answer. 

 

Here we know we are dealing with several radii of a circle that must all be 

the same length.  That means two sides of each triangle are the 

same.  Because one of those sides is directly across from a 60 degree angle 

we know the other angle is also 60.  With this information what is the 

diameter? 

Using this feedback the student was able to solve the problem, and also give an explanation of 

why the answer was correct.  In the next problem there were two rounds of feedback.  The 

problem was this (Figure 3): 

Figure 3 

One particular student gave this work to solve the problem: 

Straight lines are always 180 degrees and the angles formed by them makes x = 

180 degrees. 
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The first round feedback given by the instructor was this: 

It may be easiest to solve this in two steps:  First, what is the missing angle 

inside the triangle?  Second, what is angle x? 

The student worked on this further and seemed to be more on track with this response: 

All triangles have 180 degrees. 180 – (40+20) = 120  therefore x = 120 

The follow up feedback given by the instructor (Figure 4) looked like this: 

You solved for the missing angle inside the triangle.  We can call that angle y.

 

Once you find y,  we know there is 180 degrees in a line so what is x and why? 

 

Figure 4 

After this feedback the student responded back with the correct answer and rationale. Here there 

was gentle guiding, but the answer was never given.  Figures were specially created to help the 

student breakdown the task visually.  Note: a one-step approach to solving this problem would be 

to tell this student that an exterior angle equals the sum of the remote interior angles.  In other 
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words, add the two angles 40 and 20 and get the answer of 60 degrees.  Students who solved this 

question correctly, but used the two-step approach were given information about the one-step 

method.  Although the one-step technique may be more elegant it is not as productive in working 

with a student who is struggling with the easier to see two-step process. [Nice addition, Tim] 

 

Measurements and Analysis 

Three dependent variables were examined in this study:  performance, interest, and 

transfer of learning.  The performance variable was measured with the total score on the final 

multiple-choice test.  The interest variable was measured with a questionnaire and by tracking 

mouse clicks under the extra button.  The transfer of learning variable was measured with the last 

test item, question 8, on the final multiple-choice test.  All these measures were tracked and 

recorded through the Blackboard Learning Management System. 

          This experiment produced 11 variables that were studied (Table 2).  The four main 

variables of interest were: final test score (performance), question number eight from final test 

(transfer of learning), questionnaire total (interest), and number of clicks in extra section content 

area (interest).  Mean averages between the two groups were compared with an independent 

samples t-test. 

_____________________________________________________________________________ 

                                       Grades Only                  Comments Only 

Measure              M  SD  M         SD                t                    p 

_____________________________________________________________________________ 

Question 1                            0.37          0.490                0.43               0.504         -0.519         .605 
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Question 2                            0.50          0.509                0.90               0.305         -3.690         .001 

Question 3                            0.57          0.504                0.90               0.305         -3.099         .003 

Question 4                            0.47          0.507                0.53               0.507         -0.509         .613 

Question 5                            0.33          0.479                0.47               0.507         -1.046         .300 

Question 6                            0.80          0.407                0.90               0.305         -1.077         .286 

Question 7                           0.60           0.498               0.70                0.466          -0.803        .425 

Question 8                           0.60           0.498               0.87                0.346          -2.408        .020 

Total Score                           4.23          2.885                5.63               1.974           -2.194        .033 

Questionnaire                     28.83        7.052               29.93               6.812         -0.614         .541 

Extra Clicks                             3.93        4.331                 3.23               3.683           0.674        .503 

____________________________________________________________________________ 

Table 2 

 

  In addition, to examine the low and high achievers nested in each group, a two-way 

analysis of variance (ANOVA) was conducted to see if there was a significant difference 

between these achievers.  This was followed up by post-hoc testing to determine the variables of 

significance.   

 

Results 

Research Question 1 

Does formative evaluation increase test performance? 



THE EFFECTS OF FORMATIVE EVALUATION              30 

When looking at the performance of the two groups it was found the The control group 

had a mean average on the final test of 53% while the experimental group had a mean average of 

70%.  To determine the significance of this an independent samples t-test was conducted that 

compared the two means.  Running Levene's test for homogeneity of variance between groups 

showed that homogeneity was not a safe assumption.  The t-test, however, is particularly robust 

in handling data sets with heterogeneity in variance, and values were determined for when equal 

variances are not assumed.  After comparing the means of the two groups it was found there was 

a significant difference between which feedback condition was used and performance on the 

final test scores, t = -2.194, p = .033 (Table 3).  Because the alpha was set at .05 this result 

allowed the null hypothesis to be rejected.  [Because you have nicely informed the reader of the 

results for each item, you add a sentence here that states that the overall difference was primarily 

due to differential performance on three items (2, 3, and 8).] 

 

Independent Samples Test 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Differen

ce 

Std. 

Error 

Differen

ce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Total 

Geometry 

Score 

Equal 

variances 

assumed 

10.887 .002 

-

2.19

4 

58 .032 -1.400 .638 -2.677 -.123 

Equal 

variances not 

assumed 

  -

2.19

4 

51.2

68 
.033 -1.400 .638 -2.681 -.119 

Table 3 
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Research Question 2 

Does formative evaluation have a greater effect on low achieving students? 

In addition to the control group and the experimental group, two sub groups were 

created—low and high achievers. [Explain the rationale. If you did this above, I missed it.] The 

mean average GPA was 3.37 and anyone with a GPA lower was classified as low achiever and 

anyone above as a high achiever.  There were ten more high achievers than low achievers in the 

study.  After adding these categories the number of groups being looked at increased and as a 

result a two-way ANOVA was run.  Levene’s test for homogeneity of variances was rejected 

meaning there were concerns that one of the assumptions of the ANOVA test was violated.  To 

protect against a type I error a very conservative alpha value was set at .001.  The ANOVA test 

showed that the achievement category had a F = 16.17, p < .001 meaning this was considered 

significant. 

This was followed with post-hoc testing.  Using least significant difference (LSD) a 

pairwise comparison showed there was a significant difference between low and high achievers 

in the control group (p < .001), while after receiving formative evaluation treatment low 

achievers showed no significant difference from high achievers in the experimental group (p = 

.076).  Furthermore, post-hoc testing showed the difference between low achievers for the 

control and experimental groups was significant (p = .011) although the difference between high 

achievers for the control and experimental groups was not (p = .394).  This shows two important 

findings: 1) low achievers in the experimental group did significantly better than low achievers 

in the control group and 2) there was a large difference between high and low achievers for the 
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grades only group, but that comments only group “closed the gap” between the different 

achievers (see Table 4 and Figure 5). 

Pairwise Comparisons 

Dependent Variable: Total Geometry Score 

Achiever (I) Group (J) Group Mean 

Difference (I-

J) 

Std. Error Sig.
b
 95% Confidence Interval for 

Difference
b
 

Lower Bound Upper Bound 

Low 
Grades Only Comments Only -2.288

*
 .874 .011 -4.039 -.538 

Comments Only Grades Only 2.288
*
 .874 .011 .538 4.039 

High 
Grades Only Comments Only -.634 .738 .394 -2.113 .845 

Comments Only Grades Only .634 .738 .394 -.845 2.113 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

Table 4 
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Figure 5 

 

Research Question 3 

Does using formative evaluation influence a learner’s interest in the material? 

For the interest variable, first the results of the questionnaire were examined.  On the 

questionnaire students self-reported their interest level in the subject matter after completing the 

final test.  The mean of the control was 28.83 and the mean of the experimental group was 29.93 

(higher score indicated more interest).  After running a t-test it was found t = -0.614, p = .541 
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(Table 5).  In this case the null hypothesis was not rejected and the results were not considered 

significant. 

Another way interest was measured was creating a button with extra content that the 

students were not required to view.  This contained several essays and videos on geometry 

principles.   Counting the mouse clicks recorded in this area it was found that the control group 

had a mean average of 3.93 where the experimental group had a mean average of 3.23.  Using a 

t-test it was found that t = 0.674, p = .503 (Table 6).  This was not significant and the null 

hypothesis was not rejected. 

 

Independent Samples Test 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Differen

ce 

Std. 

Error 

Differen

ce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

TotalQuest

ionnaire 

Equal 

variances 

assumed 

.082 .776 -.614 58 .541 -1.100 1.790 -4.683 2.483 

Equal 

variances not 

assumed 

  

-.614 
57.9

31 
.541 -1.100 1.790 -4.683 2.483 

Table 5 

 

Independent Samples Test 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 
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F Sig. t df Sig. (2-

tailed) 

Mean 

Differenc

e 

Std. 

Error 

Differenc

e 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Extra 

Clicks 

Equal variances 

assumed 
.299 .586 .674 58 .503 .700 1.038 -1.378 2.778 

Equal variances 

not assumed 

  
.674 

56.54

2 
.503 .700 1.038 -1.379 2.779 

Table 6 

 

Research Question 4 

Do students given formative evaluation learn the material on a deeper level? 

When students learn material on a deeper level it is assumed that they can take what they 

learned and apply it to a new area more readily than those with just a superficial understanding.  

To quantify the students’ deeper understanding the dependent variable used was transfer of 

learning (reference).  This was a test item that required students suddenly to solve a problem 

with a three-dimensional object (a cone).  Because students only covered two-dimensional 

objects this would be new to them, but a cone can be thought of as a stack of successively 

smaller circles and understanding how to find the area of the circular base is the first step.  The 

question asked was: 

A dunce cap in the shape of a cone sits on Buddy's floor.  The cap has a diameter of 8 feet and 

rises 1.5 feet.  Which of the following represents the volume of the cap in cubic feet? 

(Volume of a cone = 1/3 πr² x height) 
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An independent samples t-test was conducted that examined the effect of feedback 

condition and transfer of learning.  With this item 60% of the control group got this correct, 

while 87% of the experimental group got this correct.  The Levene's test of equality of variance 

indicated there was not homogeneity.  Using the t-test to compare these two means found that t = 

-2.408, p = .020 (Table 7).  This was found to be significant and the null hypothesis was rejected. 

Using the two-way ANOVA it was found that the difference between achievers on the 

transfer of learning question had a p = .01.  Because the Levene's test indicated the assumption of 

homogeneity of variance had been violated the alpha level was set at .001 and therefore was not 

considered significant and failed to reject the null hypothesis.  As a result no follow up testing 

was done. 

 

Independent Samples Test 

 Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Differen

ce 

Std. 

Error 

Differen

ce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Transfer of 

Learning 

Equal 

variances 

assumed 

25.040 .000 

-

2.40

8 

58 .019 -.267 .111 -.488 -.045 

Equal 

variances not 

assumed 

  -

2.40

8 

51.6

70 
.020 -.267 .111 -.489 -.044 

Table 7 
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Discussion 

 

Research Question 1 

Does formative evaluation increase test performance? 

The analysis of different scores showed that there was a greater increase in performance 

on the final test for the formative evaluation group.  Because of the way the groups were formed 

there were no pre-existing differences between the groups on college GPA, indicating that the 

groups were equivalent in terms of academic ability.  Because the difference in mean scores on 

the final was found to be statistically significant it can be conclude that using formative 

evaluation had a positive effect on student performance as measured by the instruments. 

 

Research Question 2 

Does formative evaluation have a greater effect on low achieving students? 

Statistically it was discovered that there There was a statistically significant difference 

between low achievers in the experimental and control groups although no such difference was 

found for high achievers.  Also, when looking within the same group there There was also a 

significant difference from low to high achievers from the control group while there was no 

difference in the experimental group.  The conclusion was that low performing students that 

received formative evaluation closed the gap with the high achievers.  The high achievers did see 
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some benefit from formative evaluation compared to the control group, but it clearly had a 

greater effect for the low achieving students. 

Research Question 3 

Does using formative evaluation influence a learner’s interest in the material? 

Looking at Based on the questionnaire data, given to students there was no significant 

difference between the control and experimental groups.  This was true looking at the 

questionnaire score as a composite or through an individual item analysis.  In addition, tracking 

the mouse clicks told a similar story where no significant difference was found between the two 

groups.  Looking at this it is concluded that formative evaluation does not hurt or help a learner’s 

interest in the material compared to summative evaluation technique.   

 

Research Question 4 

Do students given formative evaluation learn the material on a deeper level? 

Students that who received formative evaluation did significantly better on the test question that 

required transfer of learning.  In this case there must be an assumption that students that are 

better able to transfer what they learned to a new topic have a better grasp of the material.  That 

is, they learned the content at a deeper level.  If this is true then it can be concluded that students’ 

receiving formative evaluation did learn the material more deeply as measured by the test item.  
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Implications 

The results clearly confirm the importance of utilizing formative feedback in 

mathematics online instruction, especially for low achieving students.  As hypothesized, those 

who received this formative evaluation did significantly better on the final and the results were 

particularly pronounced for low achieving students.  The caveat is that this requires quite a bit 

more effort. [“A bit” more?] During the study I began to dread each time a subject from the 

comments only group completed a module because I knew the amount of work that was required, 

although the grades only group could be done in under a minute (and if automated no work at 

all).  Working closely with the comments only group gave a window into their thought processes 

and clearly many students completely misinterpreted or misunderstood the content that was 

presented.  It was the job of the evaluator to give feedback that would address this 

misinterpretation.  If this were to be expected of teachers then professional development would 

be required as well as an understanding of the increased work load. 

 As promising as the results were, it is believed that they could have been better.  For 

example, during the modules there was one question concerning a special right triangle that 

caused students the most problems of any question asked.  I spent considerable time giving 

feedback to the experimental group on this question.  The problem was that I did not ask a 

question on the post-test using a special right triangle.  In this case my treatment was wasted.  

Also, the post-test questions required more critical thinking than just being a rehash of the 

module questions.  For example, during the module quiz on circles students were asked this 

question: 

If the radius of circle M is 15 units, what is the circumference of the circle? 
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Then on the post-test they were asked this question: 

A child's wagon has a wheel of radius 6 inches.  If the wagon wheel travels 100 revolutions, 

approximately how many feet has the wagon rolled? 

Answering both questions uses the same underlying skill to solve, but the post-test question 

requires critical thinking.  Many tests in mathematics classes are a rehash of questions that were 

asked on the quizzes or homework.  This means taking the same questions and changing the 

numbers or something else minor.  For the post-test there was only one question that could be 

categorized as a rehashed question.  On the module quiz for circles students were asked this 

question: 

The area of a circle equals 49 π.   What is the diameter of the circle? 

Then for the post test students were asked this: 

If the area of a circle equals 64 π then the circumference of the circle is: 

These are very similar with just minor changes.  Students from the experimental group did better 

on every post-test item, but the most significant difference was on this rehashed question.  On the 

post-test only 50% of the control group got this question correct while for the experimental 

group 90% got this correct (p = .001).  This is not to encourage rehashing questions, but to show 

that formative evaluation promises to be very effective for typical mathematics tests. 

 When talking about formative assessment, I often hear concerns from teachers about 

students not liking it.  Students have appeared to be trained to expect and want grades and some 

will complain when they do not get them.  The results from the questionnaire, however, suggest 

using formative evaluation does not hurt student interest.  Even though being in the comments 
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only group was significantly more work for most of the students they still rated their interest in 

the subject higher than the less work intensive control group.  Even though there was not a 

significant difference we can to conclude from the findings that those receiving formative 

assessment were just as satisfied as those receiving grades.    

The other variable to measure interest is noteworthy.  In this case it was clicks on the 

extra content area.  Although there was no statically significant difference this was the only 

variable in the study where the control group was higher than the experimental group.  One 

potentially confounding variable was that the comments only group was forced to move to a 

Google Doc after taking a quiz because it was more convenient to give feedback and have the 

student make revisions in that environment.  The fact that these students did a lot of work 

without logging into the course site could be the reason they visited that area less often.  I would 

hypothesize, however, that the reason was the students in the control groups were intentionally 

seeking out interaction that the experimental group was already receiving.  Further studies would 

be needed to determine if this is the case. 

 The most exciting discovery was finding that the formative feedback experimental group 

did significantly better on the transfer of learning question.  The hypothesis that this would 

happen did not come from the review of literature, but instead was generated by using the 

theoretical perspective of constructivism.  The belief was that students in the comments only 

group would do better because they had learned the material on a deeper level (constructed their 

knowledge).  In other words, if students really understand the mathematical concept of “area,” it 

is easier from them to learn the concept of “volume.”  Because this study was held over such a 

short duration it was questionable whether an effect would be seen for this variable  The 

comments only group, however, did significantly better at answering this transfer of learning 
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question.  Because most teachers are looking for more than “tricks” to improve student test 

scores this is an extremely important finding.   

 

Limitations 

 There are several limitations to the current study.  The first and most important limitation 

is the research used a narrow sample from one college district in Texas.  This sample may not 

represent all institutions in the United States, let alone internationally.  It will be important to 

replicate the study with different samples and other academic settings.  It will also be important 

to determine specifically whether using formative evaluation can be beneficial to students who 

are historically more at risk, such as those from minority backgrounds, and those who are first-

generation students. 

Another limitation is answering the research question of whether students have learned 

the material on a deeper level.  First, it is not completely clear that students who show better 

performance on transfer of learning have learned the material deeper.  Second, the sampling of 

this variable was very small.  Because this was relegated to a single question further testing of 

this important finding is needed. 

A further limitation was dependence on the questionnaire instrument to determine the 

students’ thoughts on the learning experience.  One subject felt so strongly about this that she e-

mailed me.  She said, “There really wasn’t an opportunity to express my true opinion with the 

survey.  I would like to take an online class…however, there was not enough information to 

cover the questions and there were no real tools to get an idea what you were learning or how to 

do the problems…Anyway, my point of writing this note is that the survey was not sufficient in 
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covering the actual results of how I felt about the approach to teaching math online.”  This, not 

surprisingly, came from a student in the control group and suggests that the questionnaire alone 

had limitations.  In future research a qualitative approach, such as an interview, may bear more 

insight into the students’ thoughts of this endeavor. 

 

Conclusions 

 The results of this study are exciting and something for mathematics instructors to 

consider incorporating when teaching online if technological constraints can be overcome.  

Many of the learning management systems, including BlackBoard, do not offer the capabilities 

to handle this approach effectively.  For example, although there was a place to leave comments 

when grading a test, it was not a useful option for the student to act on those comments.  This is 

because if the student takes the test again, it wipes out everything and starts fresh.  Unless 

students print the comments out they cannot go back and access them or look at them while 

taking the test.  In addition, the test is built with the intent that the results will be graded.  The 

test is flagged as if nothing has been done until an actual grade is assigned making it 

inconvenient for both the teacher and student.  Based on the results of this study it is 

recommended that programmers make modifications to learning management systems to address 

these issues and for instructors to give serious consideration to using formative techniques to 

evaluate students. [Nice!] 
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