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ABSTRACT 
 
 
 

USING HANDHELD COMPUTERS FOR CONSTANT DAILY REVIEW IN SIXTH 
GRADE MATHEMATICS 
 
Faye Bland Obenschain, PhD 
 
George Mason University, 2010 
 
Dissertation Director: Dr. Margret Hjalmarson 
 
 
 

This mixed methods study compared mathematics achievement after students 

reviewed using handheld computer games or using teacher-led reviews. A total of 54 

sixth grade students were involved in the study. The study examined achievement by 

ability level and student gender. 

The study occurred in one semester time frame during regular school hours in a 

public middle school. Students participated during their regularly scheduled mathematics 

classes. Each day in mathematics class, the students reviewed previous concepts taught to 

help keep the concepts easily accessible to the students’ memory. This is usually 

accomplished by the teacher leading the review using a projector to ask questions. This 

was the teacher-led type of review. During the intervention, instead of completing the 

teacher-led daily review, the students used the same amount of time each day in class to 

review mathematical concepts using the handheld computers. The units were alternated 

with handheld computer units being first, third, and fifth; whereas, teacher-led reviews 
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were conducted during the second, fourth, and sixth units. The research questions were 

examined across multiple units and within each mathematical unit. 

A within-group equivalent time series design was employed. The three different 

ability groups were compared across their own achievements over time. They were 

compared to themselves; not a different comparison group. Quantitatively, a pretest-

posttest design with multiple measures was used to measure students’ retention of 

mathematical concepts for low-ability, average-ability, and high-ability learners and for 

male and female learners. A delayed posttest was used to analyze retention later in the 

school year. Qualitatively, the teacher kept a journal that contained questions primarily 

about game design and observations of students’ perceptions. 

Overall, students who reviewed using the handheld computer mathematical games 

obtained a mean gain score on unit 1, unit 3, and unit 5 tests of 82.28 (SD = 30.00) and 

students who reviewed using the teacher-led reviews obtained a mean gain score on unit 

2, unit 4, and unit 6 tests of 58.81 (SD = 45.64). Results from the paired samples t-test 

were statistically significant, t(52) = 4.42, p<.001. For student ability, this study showed 

that average-ability students using handheld computer mathematical review games do 

retain more mathematical content on unit tests.  As for gender, average-ability female 

students using handheld computer mathematical review games retained more 

mathematical content on unit tests. 

  

 

 



 

 1 

 

 

1. Introduction 

 

Statement of the Problem 

 Student retention of mathematics concepts has long been a concern of teachers. 

Not only do teachers have to deal with students “losing” their knowledge over the 

summer break, teachers have to deal with students’ lack of retention of concepts taught 

during the school year. Rohrer and Taylor (2006) found that long-term retention was 

boosted by distributed practice. In 1995, Wineland and Stephens concluded that spiral 

testing with continuous review did aid in the retention of mathematical concepts for 

below-average mathematics students. Research has shown that constant and cumulative 

review is best for students to retain the knowledge. Ideally, the review should be daily.  

Retention of mathematical concepts is becoming even more important to public 

schools since the implementation of the federal No Child Left Behind Act of 2001. Now 

public schools are held accountable for student achievement based on standardized tests 

given in each state. These high-stakes tests have a lot of monetary consequences 

including the withdrawal of federal funds to school systems that are not complying with 

NCLB. Therefore, there is more pressure than ever for teachers to find new strategies to 

help facilitate long-term retention of mathematics concepts.  

Technology use is becoming more prevalent among all populations, especially 

students. The National Council of Teachers of Mathematics (NCTM) stated in their 
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technology principle: “Technology is essential in teaching and learning mathematics; it 

influences the mathematics that is taught and enhances students’ learning” (p. 24, 2000). 

It further states the importance of teachers knowing how and when to use technology.  

Technology use in the classroom is very motivating for most students. It meets 

different learning styles of the students. Even in 1985, Robert Gagne noted that different 

types of instruction are required for different learning outcomes. Some schools have 

computer labs that teachers sign up to use, and the students go to the computers. Some 

schools have mobile computer labs so the computers are brought to the students. The 

problem with many mobile computer labs is that they are very slow in operating and still 

take time to set up in the classroom. Handheld computers are much faster and easier to 

manage in the classroom. They are also only a fraction of the cost of laptop computers.  

Computer-assisted instruction (CAI) is defined as any instruction where 

computers are used to teach or assist in the instruction. Computer-assisted instruction 

(CAI) has been studied since computers have been used in education. Two meta-analyses 

of CAI reported that more studies are needed on the effectiveness of CAI looking at 

student characteristics such as gender and ability (Akiba, 2002; Fletcher-Flinn & Gravatt, 

1995). This study addressed whether using technology, specifically handheld computers, 

will influence longer-term retention of mathematical concepts among low ability, average 

ability, high ability, and male and female sixth grade learners. 

Research Questions 

The purpose of this study is to investigate the impact of playing games on the 

Palm® handheld computers in the sixth grade mathematics classroom on student 
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retention of mathematical concepts. In particular, the following research questions will 

guide this mixed methods study: (a) What is the relationship between student ability and 

performance on unit tests after using handheld review mathematical games? (b) How 

does students’ ability influence students’ retention of mathematical concepts? (c) What is 

the relationship between student gender and performance on unit tests after using 

handheld review mathematical games? (d) How does students’ gender influence students’ 

retention of mathematical concepts? These questions will be examined across multiple 

units and within each mathematical unit. 

Delimitations 

This mixed methods study included quantitative scores from pretests, posttests, 

and delayed posttests on unit tests. I also kept a journal about the students’ use and 

perceptions of the games. The study did not include student interviews because the 

Human Subjects Review Board would not permit me to interview my own students.  

The handheld computer review games used in this study were free software. The 

settings were left at the default for each game. Additional variables of game settings were 

not introduced into this study. This was found to be a limitation of this study. 
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2. Literature Review 

 

Introduction 

 In this chapter, I reviewed the literature pertaining to the use of handheld 

computers for constant daily review in the sixth grade mathematics classroom. Since 

there is very little research on this specific topic, I broke the research into parts. The first 

section reports on technology use in the classroom. It begins with computers in the 

schools, and is followed by student motivation, student gender, student ability, computer-

assisted instruction (CAI), handheld computers, and mathematical computer games. The 

second section discusses the literature on drill and practice. The third section discusses 

concept retention in mathematics. The final section addresses research implications. 

Research on Technology 

In this technological age, I have found that students prefer using computers to 

sitting in a classroom listening to the teacher or doing paper-based activities. The 

presence of computers in education has grown rapidly. In 2002, ninety-two percent of 

public school instructional rooms had Internet access (Kleiner & Lewis, 2004). Most 

public schools have access to the Internet, however, student access to computers remains 

limited (Peet, 2002). This is primarily due to the placement of computers in the school 

building (Livingston & Wirt, 2005; Schoepp, 2005). Some schools equally distribute 

computers so that each classroom has one or two computers; whereas, some schools place 
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computers in computer labs. Usually teachers have to sign up to use the computer labs, 

sometimes even up to a month prior to use. Due to this limited access to computers, the 

average public school student rarely uses a computer in their main academic subjects 

(Roschelle et al., 2000; Setati, 2003; Soloway et al., 2001). 

Student Motivation 

 The research on technology use in the classroom shows that most students are 

more motivated when technology is used in the classroom (Abrams, 2008; Brookhart, 

1997; Chouman, 1996; Kahn, 1985; Ke, 2006; Kebritchi, 2008; Kohn, 1999; Kulik, 

1994). Most of the students are far more technologically savvy and comfortable using 

technology than their teachers (Ostler & Grandgenett, 2002), which presents a barrier for 

some teachers to incorporate technology in their classroom. 

 Technology can be a great motivator if used properly. Halverson (2005) describes 

computers as providing compelling activities for motivating otherwise indifferent 

learners but finding the appropriate math software and using it effectively is another 

challenge (Kaput, 1992; Murray et al., 1999; Squire, 2005). Evidence of technology’s 

motivating influence can be seen in other ways. Hansen (2003) noted that in a school 

where a laptop program was implemented they found student attendance had increased 

and student disciplinary problems had decreased. Once the students are more likely to 

attend school, then educators can motivate students to be actively engaged in learning 

tasks by using technology (Akiba, 2002).  One example of a handheld computer 

motivating students is when an elementary teacher had the students use handhelds to 

build an animation (using a program called Sketchy) showing how long division works. 
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The students finished the division unit ten days earlier than the other three classes in their 

grade. They also scored better on the division test (Ostler & Grandgenett, 2002). Student 

motivation is usually a key benefit of technology use in the classroom. 

Student Gender 

 Some studies show girls have less positive attitudes towards technology, 

especially when it comes to video games (Inkpen et al., 1994). Observing children while 

they played electronic games at an interactive science museum, Inkpen et al. (1994) 

reported that girls did like the games when they were able to socially interact with others. 

Van Eck (2006) believes girls less positive attitudes towards technology are due to their 

difference in experience with technology. This was not the case in 1985 when Carrier, 

Post, and Heck found fourth grade girls had the same positive attitudes as boys and made 

greater gains in retention of division facts when they used computers. In a study of fourth 

grade learning disabled students with drill and practice on the computer, the three boys 

gained more on the daily timed multiplication facts worksheets than the three girls but 

attitude was not addressed (Chiang, 1986). 

Some researchers argue that it has more to do with age than with gender, however  

results vary. With kindergarten to third grade students, Caftori (1994) found minor 

gender differences after analyzing questionnaires about software characteristics that were 

given to the 60 students. Fertsch (1985) looked at the attitudes towards computers of 115 

seventh and eighth grade students.  She found there were no significant effects of gender 

on attitudes.  
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In 1995, Claire Fletcher-Flinn and Breon Gravatt published the results of their 

meta-analysis of computer-assisted instruction (CAI). Working at the University of 

Auckland, they looked at quantitative results of experimental versus comparison groups 

using CAI. They included 120 studies from 1987-1992 that were free from obvious 

methodological flaws and easily retrievable. Their meta-analysis looked at nine variables 

including: grade level, course content, publication year, duration of treatment, teacher 

effects, CAI type, subject assignment, comparison group instruction, and retention. The 

effect size did not differ significantly with grade level, duration of treatment, teacher 

effects, retention of information over time, and type of CAI. The effect size was higher 

with mathematics than other subjects. They felt this may be due to more benefit with drill 

and practice programs in mathematics than reading and writing.  

When Fletcher-Flinn and Gravatt (1995) completed their meta-analysis of CAI, 

they found girls benefited more from the use of computers and elementary students 

benefited more than older students. Their study included all ages of students. In Niemiec, 

Sikorski, and Walberg’s (1996) meta-analysis of CAI, they looked at twenty-four studies 

and found younger, less able students achieved more but “most students are better off 

without CAI” (p. 172).  

Similar findings to Fletcher-Flinn and Gravatt’s findings about age were 

discussed in the much-cited Kulik, Kulik, and Bangert-Drowns (1985) meta-analysis of 

computer-assisted instruction. Looking at 28 computer-assisted instruction studies from 

the 1960’s until 1984, they included 24 drill and practice and four tutorial studies. Four 

studies used grades 1-3, 11 studies used grades 1-6, and 13 studies used grades 4-6. There 
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were 15 low ability studies and 13 average ability studies included in their meta-analysis. 

The subject matter included 17 mathematics studies, seven language or reading studies, 

and four which included a combination of subjects. The years of publication included five 

before 1969, 12 from 1970-1974, six from 1975-1979, and five from 1980-1984.  They 

found that CAI had the strongest effects in elementary school children. CAI was most 

beneficial for the achievement of the low ability students. 

Most of the studies researching students’ gender when using technology were 

written prior to 2006. In 2002, Akiba wrote in her chapter about the need for more studies 

on the effectiveness of computer-assisted instruction looking at student characteristics 

such as gender and ability. As you will read in the next section, there are few studies on 

computer use benefits for high-ability, average-ability, and low-ability students. 

Student Ability 

 Educators are looking for the best strategies to help all students learn. At-risk 

students are frequently studied. In a college setting, Dedeo (2001) found that CAI was 

most beneficial to at-risk students.  She looked at the success rate of college algebra 

classes that used interactive computer software (16 sections) to the traditionally taught 

classes (13 sections). The software group scored significantly higher, especially the at-

risk college students. Bishop and Forgasz (2007) found that ability grouped students’ 

technology use was related to the grouping level and the student’s home access to 

technology. They noticed higher ability students and middle class students used 

technology more. 
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Looking at the effect of computer-assisted instruction on the achievement of at-

risk students, Motoko Akiba (2002) conducted a meta- analysis of 17 studies from 1986 

to 2002. She determined the average effect of a given intervention. She examined the 

three program characteristics of subject area, grade level, and nature of computer-assisted 

instruction. The subject area included mathematics and literacy. Grade level was broken 

into grades 1-2, 3-5, 6-8, and 9-12. The type of CAI included drill and practice, project 

and problem solving, or mixed. Most studies used pretest-posttest design between 

treatment and control groups. “The overall effect size was .37, which can be translated 

into a percentile difference of 14 points between the average achievement of the 

treatment group and the control group”, (p. 100-101). This means that CAI has a 

significantly positive effect on increasing the achievement of at-risk students.  

 Comparing the effects of CAI in mathematics to the effects of CAI in literacy, 

Akiba found the mean effect size for CAI in mathematics was .57, and a mean effect size 

of .16 in literacy. The difference in these compared mean effect sizes was statistically 

significant. Therefore, Akiba concluded that CAI in mathematics improves the 

achievement of at-risk students more than does CAI in literacy. 

 When comparing the effects of CAI in the various grade levels mentioned above, 

Akiba found the mean effect sizes were not statistically significant primarily due to the 

small sample size. The highest mean effect was on grades 9-12, followed closely by 

grades 1-2. Grades 3-5 and grades 6-8 had the lowest mean effect sizes. The mean effect 

sizes were calculated for the type of CAI implemented. The largest mean effect size was 

for the mixed program, followed by the project and problem solving mean effect size, and 
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finally drill and practice. The findings were not statistically significant. For all ages, 

Fletcher-Flinn and Gravatt (1995) found in their meta-analysis that high ability students 

using CAI improved more. However, in Akiba’s (2002) meta-analysis, she found CAI to 

be more beneficial for at-risk students. Both of these meta-analyses included all ages of 

students. 

Computer-assisted Instruction (CAI) 

 When searching for studies on technology, I found most handheld technology use 

in the mathematics classroom is with graphing calculators and computer algebra systems 

(CAS). I looked into CAI and found many older studies when computers began to be 

used in education in the 1970s.  

Most of the following studies found CAI as an effective strategy but there are 

some other important findings. In his more recent meta-analysis on CAI studies, James 

Kulik (1994) concluded that it takes less time for students to learn certain concepts when 

they receive CAI and students score higher on achievement tests when they used CAI.  

In two different studies, regular education fourth and fifth grade students who used CAI 

improved more than the non-CAI students (Carrier, Post, & Heck, 1985; Steele, Battista, 

& Krockover, 1983). In a 1996 study of fourth grade children, Wittman looked at 

mathematics anxiety and the use of CAI. The high anxiety students showed the greatest 

improvement but more interesting to note is that the high anxiety girls reduced anxiety 

after using CAI. While I am not specifically looking at mathematics anxiety, this factor 

may impact gender studies of handheld computers. 
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Moore (1988) studied 117 remedial seventh and eighth grade math students. 

Rather than CAI, teacher personality was found to be a major influence on student 

achievement. Regardless of whether the student used CAI, if the teacher had a positive 

personality towards the student and mathematics, the student showed more improvement. 

I feel that was another variable that needed to be controlled. The teacher in my study 

needed to keep the same personality whether using CAI or not. 

Looking at the importance of a one-to-one relationship of computers to students, 

Ferrell (1986) reported that sixth grade students who used CAI for an entire school year 

showed significant mathematics achievement. This is another reason to use handheld 

computers so the students will have that 1:1 ratio (Bayraktar, 2002). Educators also need 

to remember the importance of using CAI appropriately. Three more recent studies show 

the importance of using CAI as a supplement (Dedeo, 2001), not as a substitute for 

traditional instruction (Bayraktar, 2002; Christmann & Badgett, 2003). 

Handheld Computers 

 One solution to help increase student access to computers is by using handheld 

computers (Bannasch, 2000). Handheld computers, also called PDAs (Personal Digital 

Assistants) or Palmtop calculators, put computing power in the individual student’s 

hands. Primarily due to their lower cost, when compared to a regular computer, 

handhelds are finding their way into classrooms but there is little research on the 

effectiveness of handhelds in the classroom. Newly developed small laptop computers are 

becoming comparable in price to handheld computers. A 2001 study about Palm 

handheld computers was funded by the company (Hansen, 2003). Palm provided 86 
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classrooms with handhelds and since this study, school spending on handheld computers 

for classroom use has increased from about $40 million in 2003-2004 to nearly $300 

million in 2005-2006. Still there are more school-issued laptop computers than school-

issued handheld computers. Instructional technology and literacy consultant Kellie 

Doubek states some advantages of handheld computers by saying “along with their 

mobility and lower price, they promote interaction among students far more than laptop 

computers do” (Briggs, 2006, p. 2). Tony Vincent, a fifth-grade teacher who is a major 

proponent of using handhelds in the classroom, states the “market has exploded” since he 

began using them in 2001 (Briggs, 2006). 

 Stephen McNew published his doctoral dissertation in 2008 on the relationship of 

handheld computer use to student achievement in middle school mathematics. His 

quantitative study looked at 286 sixth grade mathematics students and their academic 

achievement on the national norm-referenced test, the TerraNova®. Two teachers used 

handheld computers to supplement their curriculum during the second semester of a 

school year. The 152 experimental students had full-time access to handheld computers 

during that semester. He found there was significant improvement in student achievement 

on the TerraNova®. 

While there aren’t any peer reviewed journal articles on using handhelds for 

review purposes in mathematics, there are some internet-based comments from teachers 

who have used the Palms. Harvard researcher Chris Dede (Feldman, 2004) states it is 

hard to find scientifically rigorous data on a lot of innovations in educational technology 

because the field is moving too fast. I found this to be especially true when researching 
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handheld use in the middle school mathematics classroom; therefore, I broadened my 

search. 

 There have been studies on the use of handheld computers in nursing, medical 

fields, law, and it is increasing in K-12 classrooms, however with most other disciplines 

(not mathematics) (Franklin et al., 2007). Some great uses of the handheld computer are 

for real-time data collection in scientific investigations, especially when using the probes 

(Gado et al., 2006; Tuttle, 2007). The major benefits of using handhelds are the mobility 

and lower cost than computers (Franklin et al., 2007; Gado et al., 2006; Mason & Dralle, 

1999; Roschelle, 2003; Schrock, 2005). McMaster (2005) noted that poor technology 

(e.g., slow computers) can hinder student motivation and learning. Handheld computers 

are much faster than computers (Franklin et al., 2007). Lang (1999) notes that PDAs are 

ready when the students are ready to work, and due to their lower price more schools are 

able to achieve a 1:1 ratio. Depending on your opinion, one of the biggest benefits of 

technology use is that instruction may change from teacher-centered to more student-

centered (Waxman & Huang, 1996). The biggest compliment for PDAs is when Ostler 

and Grandgenett (2002) called them the 21st century Swiss Army knife: one small device 

that can act as many different tools. Another benefit for learning with handheld 

computers is the social interaction it may create. Students are able to stand up and walk 

around with the handheld computers, which is difficult with laptop or classroom 

computers. Russian psychologist Lev Vygotsky explained in his zone of proximal 

development theory that children learn more effectively when they have others to support 

them and that social interaction is an integral part of learning (Powell & Kalina, 2009). 
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Due to the mobility of handheld computers, the students can be afforded social 

interaction. 

Some of the problems with handheld computers are the screens being damaged, 

problems with synchronization, and inappropriate use by students (Batista, 2001; 

Franklin et al., 2007). Tony Vincent reports they generally have a four-year life span 

(Briggs, 2006). Franklin et al. (2007) discovered that 12% of the Palms did not work 

when they arrived. Educators need to be aware of these problems and try to minimize the 

consequences, however they are similar to the problems possible with almost any piece of 

technology. 

Mathematical Computer Games 

 Since the games used in this study were drill and practice computer games, I 

looked at the literature on this topic. Neville Holmes (2005) commented that “basic skills 

such as reading, spelling, and arithmetic are ideally suited to being imparted by drill and 

practice using simple video gaming techniques” (p. 107). Originally computers were used 

frequently for drill and practice games. Wenglinsky (1998) looked at 6,227 fourth graders 

and 7,146 eighth graders’ mathematics achievement on the National Assessment of 

Educational Progress. He found eighth graders gained more in math scores when using 

simulation and higher order thinking software than fourth graders using similar 

technology. However, both fourth- and eighth-grade students who used drill and practice 

software received lower math scores than students who did not use drill and practice 

games.  Ke (2008) also found no significant effect on students’ cognitive test 

performance when studying 15 fourth and fifth graders who used drill and practice 
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computer games in a summer school mathematics class. She found the students did 

develop more positive attitudes towards mathematics. Now role-playing games are 

opening up virtual worlds to students to help them learn and solve problems (Barab, 

Gresalfi, & Arici, 2009). 

In addition to the technology research mentioned above, specific searches for 

computer gaming in mathematics revealed some dissertations but very few peer reviewed 

journal articles. In Jordan, Mouhamed Rayya (2001) looked at 101 sixth grade students 

that were learning addition, subtraction, multiplication, and division. One group was 

taught traditionally and the other group used computer-based educational games. The 

study measured immediate and postponed achievement. The group that used computer 

games saw statistically significant differences in both immediate and postponed 

achievement. However, looking at gender, there weren’t any statistically significant 

differences. 

Studying 33 below grade level elementary and middle school students who played 

educational computer games prior to receiving normal mathematical classroom 

instruction, Abrams (2008) found no statistically significant differences in this 

experimental group and her control group. Interest surveys found computer use improved 

students’ self efficacy in learning mathematics and improved their interest and motivation 

in mathematics. Computer games should be used to supplement and enhance mathematics 

instruction. Kebritchi (2008) had different findings about student motivation when 

studying 193 high school students. She found significant improvement of mathematical 
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achievement after students in the experimental group used computer games but no 

significant improvement in student motivation. 

Today’s students are very comfortable using technology. Many of them play 

video or computer games daily. They communicate with computers and cell phones. 

Teachers need to find a way to harness this motivational tool of computer gaming without 

harming learning. Even with different results, most researchers commented on teachers 

needing to find the best way to use computers to supplement instruction for further 

comprehension. 

Research on Drill and Practice 

 There have been some interesting studies on drill and practice in mathematics. 

Woodward (2006) found an integrated approach of using strategies for teaching facts and 

using timed practice drills helped 58 fourth graders perform better. In 1985, Fuson and 

Brinko tested 84 second, third, and fourth graders on their basic facts. They found that 

equivalent learning occurred when using computers and when using flash cards. Drill and 

practice games may lead to modest increases in computational speed and accuracy 

(Becker, 1990). On a small study of seven elementary students in Israel, Hativa (1988) 

looked at CAI for drill and practice in mathematics. She found that high-achieving 

students benefited more from CAI because they were more able to adjust; whereas, low-

achieving students made less progress because of computer user errors. This is another 

variable that had to be addressed in my study because this may be true of the high-

achieving and low-achieving students in my study. Finally, as stated earlier, in the meta-
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analysis of CAI by Akiba (2002), drill and practice CAI was found to improve the 

achievement of at-risk students.  

Research on Skill Retention 

 Retention of mathematics skills has long been a concern of teachers. Not only do 

teachers have to deal with students “losing” their knowledge over the summer break, 

teachers have to deal with students’ lack of retention of procedures taught during the 

school year. Rohrer and Taylor (2006) found that long-term retention was boosted by 

distributed practice. In 1995, Wineland and Stephens concluded that spiral testing with 

continuous review did aid in the retention of mathematical concepts for below-average 

mathematics students. Research has shown that constant and cumulative review is best 

for students to retain the knowledge (Burns, 2005; Hazlett, 2001).Ideally, the review 

should be daily. This study looked at whether or not using handhelds in the classroom 

improved students’ retention of mathematical skills. 

The research on retaining information is not a topic of much recent interest. 

Teachers have wanted to know how to best help students with retention for many years, 

even as far back as 1929 when Morgan used specific training of sixth grade students in 

arithmetic that helped retention over the summer. Research shows that retention is 

boosted by distributed practice or daily reviews (Good, 1978; Hett, 1989). While some 

studies state that it is more effective with below-average mathematics students (Hartzler, 

1984), Klausmeier and Feldhusen’s (1959) study on students that were almost ten years 

old showed that retention of mathematical learning was the same among low, average, 

and high ability students when the task was graded to the learner’s achievement level. 



 

 18 

This study supported working with students on their ability level and challenging them 

appropriately; not giving all students the same instructional level materials. 

Research Implications 

 Since handheld computer use is a recent advancement in technology, there is little 

research addressing the use of handheld mathematical games to influence students’ 

retention of mathematical concepts. More specifically this study will see what, if any, 

influence the use of handheld computers have for low ability, average ability, and high 

ability learners of mathematics. This study will also see what impact, if any, handheld 

computers in the mathematics classroom have on male and female sixth grade learners.  

 Retention of mathematical concepts is becoming even more important to public 

schools since the implementation of the federal No Child Left Behind Act of 2001. Now 

public schools are held accountable for student achievement based on standardized tests 

given in each state. These high-stakes tests have a lot of monetary consequences 

including the withdrawal of federal funds to school systems that are not complying with 

NCLB (Wilson, 2007). Therefore, there is more pressure than ever, for teachers to find 

new strategies to help facilitate long-term retention of mathematics skills. Technology 

use is becoming more prevalent among all populations, especially students. This study 

addressed whether using technology, specifically handheld computers, influenced longer-

term retention of mathematical concepts among low ability, average ability, high ability, 

and male and female sixth grade learners. 
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3. Methods  

 

Research Questions 

The purpose of this study was to investigate the impact playing games on the 

Palm® handheld computers in the sixth grade mathematics classroom on student 

retention of mathematical concepts. In particular, the following research questions guided 

this mixed methods study: (a) What is the relationship between student ability and 

performance on unit tests after using handheld review mathematical games? (b) How 

does students’ ability influence students’ retention of mathematical concepts? (c) What is 

the relationship between student gender and performance on unit tests after using 

handheld review mathematical games? (d) How does students’ gender influence students’ 

retention of mathematical concepts? The questions were examined across multiple units 

and within each mathematical unit. 

Research Methodology 

 This mixed methods study occurred over one semester during regular school 

hours in a public middle school. Students participated during their regularly scheduled 

mathematics classes. A within-group equivalent time series design (Creswell, 2005) was 

used. The three different ability groups were compared across their own achievements 

over time. They were compared to themselves; not a different comparison group. 

Quantitatively, a pretest-posttest design with multiple measures was used to measure 
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students’ retention of mathematical concepts for low ability, average ability, and high 

ability learners and for male and female learners. A delayed posttest was used to analyze 

retention later in the school year. Qualitatively, the teacher kept a journal that contained 

notes primarily about game design and observations of students’ perceptions. 

Participants and Setting 

The setting was a public middle school in rural Virginia. Approximately 55 sixth 

grade students enrolled in the 2008-2009 school year were assigned to classes based on 

their mathematics ability through standardized testing methods. One below average (low) 

ability class (12 pupils), one average ability class (24 pupils), and one above average 

(high) ability class (18 pupils) participated in this study. The demographics varied for 

each group (See Table 1).  

 

Table 1 

Participant Demographics 
 
Class African 

American 

Hispanic Asian White Total Female Male 

Low 4 5 0 3 12 4 8 

Average 5 7 0 12 24 15 9 

High 3 6 1 8 18 11 7 

Total 12 18 1 23 54 30 24 
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 The student demographics included 33% African American, 42% Hispanic, and 

25% White in the low ability group. There were eight boys (67%) and four girls (33%) in 

the low ability group. The average ability class (24 pupils) included 20% African 

American, 30% Hispanic, and 50% White in the average ability group.  There were nine 

boys (38%) and 15 girls (62%) in the average ability group. The above average ability 

class (18 pupils) included 17% African American, 33% Hispanic, 6% Asian, and 44% 

White. There were seven boys (39%) and 11 girls (61%) in this group. 

During their regular mathematics class, the students usually completed teacher-

made daily review questions. This was done using the overhead projector and the teacher 

asked the students to answer the review questions, one at a time, on individual dry erase 

boards. This teacher-led review usually took fifteen minutes each day. During the 

intervention, the students used mathematics games on the handheld computers to help 

facilitate retention of mathematical concepts instead of the teacher-made daily review 

questions. The students played assigned mathematical review games for approximately 

fifteen minutes each day during the intervention.  

My students were the only participants in the study since I was the only teacher 

with access to the Palm® handhelds. I looked into loaning the handheld computers to 

another teacher but there wasn’t another teacher who taught below ability, average 

ability, and high ability students, a major part of my study. While I know I have certain 

biases that had to be addressed, I felt this was the best way for me to research this topic. 

Since all students received the same intervention, I used a within-group equivalent time 

series design (Creswell, 2005). I looked at three different ability groups and compared 
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their achievements over time. Since there was only one teacher in the intervention, the 

groups of students who received the intervention were not compared to a control group. 

This helped to eliminate validity threats due to teacher differences if another teacher’s 

classes were included. Also the use of one teacher helped improve procedural and 

treatment integrity.  

Action Research  

 Doerr and Tinto (2000) explain action research as “a cyclic process of problem 

identification, action, and reflection aimed at changes in practice” (p. 403). I have seen 

the problem of students not retaining mathematical concepts without constant daily 

review. In 2008 I conducted a small pilot study on the use of handheld computers in the 

sixth grade mathematics classroom. My data was very limited due to a variety of factors 

but the initial findings were positive for student learning. The students enjoyed using the 

handheld computers and played some of the games used in this study. The students in the 

pilot study felt the games helped their mathematics concept retention but I did not have 

any statistical proof that was the case. For this study, I wanted meaningful data to see if I 

should encourage the use of handheld computers in more of our mathematics classrooms. 

Our school system was struggling to achieve adequate yearly progress and to comply 

with the federal No Child Left Behind Act of 2001. 

Action research may address teacher learning (Heaton, 1994) or student learning 

(Lampert, 1986). My goal is student learning. Lampert (1998) looks at action research as 

blending construction of practice with analysis. Deborah Ball (2000) explains that design 

plays a critical role in first person research. The researcher-teacher has to create a way to 
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examine and develop that issue farther. There are some positive effects of being a teacher 

who is also the principal investigator. Having an ongoing relationship with students 

enables the investigator to know them more closely. Teachers understand the 

personalities of the various students in their class better than an outside observer may 

witness. Teachers may better know how to connect current research with successful 

student learning (Ball, 2000; Doerr & Tinto, 2000). 

There are also some validity and reliability issues that arise when the teacher is 

the researcher in his/her own classroom. One must overcome the inherent bias of 

studying in your own classroom (Doerr & Tinto, 2000). The researcher must maintain 

objectivity and needs a critical edge for proper analysis.  Another problem to be aware of 

during this study was to make sure that my attitude towards technology, reflected in my 

mannerisms and speech, did not affect the students and their performance, either 

positively or negatively (Ball, 2000).  

Materials 

 The students used Palm® Tungsten E2 handheld computers during the 

intervention.  Palm® handheld computers are devices that are personal digital assistants 

(PDA) that have color displays and are less than two hundred dollars each. Not only can 

they store calendars, contacts, documents, photos, and videos; Palm® handheld 

computers also have built-in Bluetooth wireless technology so the user can access the 

web using the classroom computer.  

Each student was assigned a Palm® to use for the course of the study. At the end 

of each class session, the students returned the handheld computers for the next class to 
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use. The mathematical programs that are already installed were available to the students. 

The mathematical programs include Math Ace, Divisible, LcmGcf, PowerPlay, and 

Simplify. Additional programs already installed on the handheld computers were 

Coconut Fern and Clumps. 

The aforementioned programs, installed on the handheld computers, are described 

in Table 2 and in the text for the additional programs. The students were given 

instructions as to which program or programs they were to use or they were given their 

own choice of program, depending on the lesson.  
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Table 2 

Mathematical Handheld Computer Program Descriptions 

Program Topics Question Format Answer Format 

Math Ace Addition, 

subtraction, 

multiplication, 

and/or division, also 

negative numbers 

Set up and beam 

preferences, can use 

timer, click out of 

program 

First guess or correct 

quiz for scoring, records 

score in fraction form-

may be exported 

Divisible Practice divisibility 

tests 

One question with 

yes or no answer 

choices 

Correct-next problem, 

incorrect-divisibility rule 

is given 

LcmGcf Find LCM or GCF 

of 2 or 3 given 

numbers 

Problem given as 

quiz questions once 

preferences are set 

Correct-next problem, 

incorrect-same question 

until correct, raw score 

PowerPlay Guess the missing 

bases or exponents 

in equations. 

Easy or hard settings. 

Low score wins. 

Final score given after 

10 questions. Incorrect-

tells if too high or too 

low but given new 

question. 

Simplify Reduce fractions to 

simplest form. 

Given fraction, user 

must reduce. 

Correct-“well done”, 

incorrect-tells the correct 

answer. Raw score. 
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Math Ace was played more times by all three ability level classes. The game 

required students to respond to basic arithmetic questions. The game gave a number pad 

for the students to tap their answer. Most students found it to be easy. The students who 

did not know their basic math facts found this game to be harder. Figure 1 shows the 

screen with a division problem. One flaw of the game was it sometimes counted two 

wrong when only one was missed. Average ability students commented on the 

miscounting more than high ability students. Miscounting was not a comment recorded 

for the low ability students. 

 

                           

Figure 1 Screen shot of the handheld computer game Math Ace. 

 

Divisible is a game that enabled the students to practice their understanding of 

divisibility rules. The program gave a question that could be answered with a yes or no 

answer, which the game provided so the student only had to tap the correct answer. An 

example was “Is 645 divisible by 5?”. Most high and average ability students found it to 

be easy, especially after multiple days of playing. The low ability students did not like 
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Divisible. I think the main reason for that is because the students did not learn all the 

divisibility rules; therefore, making it more difficult for the lower ability students. Lower 

ability students also seem to have less mastery of multiplication and division facts, which 

is required for some of the rules. 

 Power Play required the students to have a good understanding of exponents. 

Most students found it hard and not fun. After multiple days, some high and average 

ability students discovered they could use the calculator on the Palm® to help them find 

the answer. The low ability students did not use the calculator and found this game to be 

very difficult. Even using the exponent-easy or base-easy settings on this game, some of 

the numbers were very large. An example is 7 to what power equals 16,807. This game 

also doesn’t give the correct answer; it just says “incorrect-too high” or “incorrect-too 

low.” It would have been helpful if it gave hints or even the correct answer so students 

could learn from their mistakes. Low score wins in Power Play and this confused some 

students because they are used to high score winning. As the figure below shows, this 

game also did not have a game pad so the students had to use Grafiti or use the number 

pad, both of which take more time. 
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Figure 2 Screen shot of the handheld computer game Power Play. 

 
GCF presented two numbers and asked the student to find the greatest common 

factor of the two numbers. The game used a number pad for the students to tap their 

answer. There were mixed results for all three ability levels. Some students found the 

game easy and some found the game hard. A common comment made by all levels of 

students was that the game repeats problems. Some higher students commented on how 

boring this game felt to them. I found some high and average ability level students listing 

the factors to make it easier for them to find the answer. 

 LCM presented two numbers and asked the student to find the least common 

multiple of the two numbers. The game gave a number pad for the students to tap their 

answer. Figure 3 below shows the screen of the game with an LCM question. The high 

ability students found this game easier. They discovered they could multiply the two 

given numbers, especially if they were prime numbers, and find the LCM. There were 

times they also used the calculator to find the answer. The average ability students tended 

to hate it and felt it was too hard. They would just multiply the numbers and find a 

common multiple but not the LCM. 
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Figure 3 Screen shot of the handheld computer game LcmGcf. 

 

Simplify was a game only used by the low ability students. They needed 

additional practice simplifying fractions. This was a hard game for some of them because 

it required the student to divide, which was difficult for some low ability students. I 

frequently saw them use their dry erase boards to figure out the answer. They could not 

complete it mentally. This game also did not give a game pad so the students had to use 

Grafiti or use the number pad, both of which take more time. 

Occasionally the students were allowed to play two other games that were 

installed on the handheld computers. Coconut Fern is similar to Connect Four where the 

user is trying to get four red chips in a row before the computer gets four black chips in a 

row. Clumps is a game where different colored chips are randomly placed on the screen. 

The user taps on chips that have the same color beside them. The goal is to take as few 

moves as possible to clear the screen. The high scores are recorded. As a reward, the 
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students were allowed to play these games if they finished their work and did not want to 

replay their mathematical game. 

Procedures 

Each day in mathematics class, I reviewed previous concepts taught to help keep 

the concepts easily accessible to the students’ memory. This is usually accomplished by 

my leading the review using a projector to ask questions. The students responded on 

individual dry erase boards. I quickly saw which students knew the concept being 

reviewed. Further instruction was sometimes necessary based on the students’ responses. 

This was the teacher-led type of review.  

During the intervention, instead of completing the teacher-led daily review, the 

students used the same amount of time each day in class to review mathematical concepts 

using the handheld computers. The first day the students received the handheld 

computers they investigated the different programs already installed on the handhelds. I 

gave basic instructions for how to operate the technology. The subsequent class sessions 

were more structured since I specified the game the students were required to use. The 

last day the students had the handheld computers I provided a little more latitude and 

allowed the students to select which mathematical program on the handheld computers 

they wanted to use.  
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Table 3 

Chronological  Schedule for the High- and Average-Ability Groups 

Mathematical Unit Type of review Handheld Games Days 

Number Patterns and 

Algebra 

Handheld 

computers 

Math Ace 

Divisible 

Power Play 

Divisible 

Power Play 

2 

3 

2 

4 

2 

Statistics and Graphing Teacher-led 

(Non-handheld) 

 12 

Adding and Subtracting 

Decimals 

Handheld 

computers 

Math Ace 

 Power Play 

Divisible 

6 

1 

1 

Multiplying and 

Dividing Decimals 

Teacher-led 

(Non-handheld) 

 9 

Fractions and Decimals 

(GCF/LCM) 

Handheld 

computers 

GCF 

LCM 

5 

3 

Adding and Subtracting 

Fractions 

Teacher-led 

(Non-handheld) 

 7 
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Table 4 

Chronological Schedule for the Low-Ability Group 

Mathematical Unit Type of review Handheld Games Days 

Number Patterns and 

Algebra 

Handheld 

computers 

Math Ace 

Divisible 

Power Play 

Divisible 

Math Ace 

Power Play 

4 

1 

3 

1 

1 

2 

Statistics and Graphing Teacher-led 

(Non-handheld) 

 15 

Adding and Subtracting 

Decimals 

Handheld 

computers 

Math Ace 

  

 

4 

 

Multiplying and 

Dividing Decimals 

Teacher-led 

(Non-handheld) 

 14 

Fractions and Decimals 

(GCF/LCM) 

Handheld 

computers 

GCF 

LCM 

Simplify 

3 

3 

2 

Adding and Subtracting 

Fractions 

Teacher-led 

(Non-handheld) 

 9 
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Data Sources  

Several sources of data were collected during this study including pretests, during 

intervention tests, posttests, and delayed posttests of students’ mathematical content 

knowledge. These sources were used to triangulate the data collected during the study. 

Quantitative Measures  

Pretest. The Entry Assessment Mathematics Evaluation (EAME) was 

administered in the fall (Form 2) and winter (Form 3). This test, consisting of twelve 

questions for each grade level, was created by Fairfax County Public Schools. There were 

twelve open-ended questions for each grade level, first through eighth; therefore, there 

were 96 total questions on each test form. Each question was worth one point. Each 

student’s percentage of correctly answered questions was recorded. 

Weekly tests. Students completed weekly open-ended or multiple-choice 

assessments that were created by the mathematics teachers, the approved textbook series, 

or a combination of both. Since the lengths of these assessments varied, the students’ 

percentage of correctly answered questions was recorded. Each class completed one 

weekly assessment that was a pretest for each unit and one weekly assessment that was a 

posttest for each unit. Delayed posttests were given to each class usually three weeks 

after the posttests were given. Means on these tests and gain scores were calculated for 

each class and gender. 

Posttest. The EAME-Form 3, also consisting of 96 open-ended questions, was 

given after the intervention. Each question was worth one point. The student’s percentage 
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of correctly answered questions was recorded. Means on these tests and gain scores were 

calculated for each class and gender (See Table 5).  

Table 5 

Instruments Given for All Ability Groups 
 
Phase Instrument 

Pretest-Fall EAME-2 

During Intervention Unit pretests 

Posttest Unit posttests 

Posttest Delayed posttests 

Posttest-Winter EAME-3 

 

 

Qualitative Measure 

 Teacher journal. I kept a notebook where I answered the following questions on 

the days when the students used the handheld computers. 

1) Did this game enhance the curriculum? How? 

2) What did I notice about students’ perceptions with the game? 

3) Game design comments:  Likes?  Dislikes? 

4) Did certain groups or gender do better with this game? 

The answers to these questions made this a richer study by addressing the teacher side of 

the game designs. This helped me to validate and to explain some of the quantitative 

results of the study. Again I was not allowed to directly ask the students their opinions; 
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therefore, I was only able to record my perceptions and comments I heard students make 

to one another.  

Methods of Analysis 

Each research question was answered using a variety of sources. The research 

questions were: (a) What is the relationship between student ability and performance on 

handheld review mathematical games? (b) How does students’ ability influence students’ 

retention of mathematical concepts? (c) What is the relationship between student gender 

and performance on handheld review mathematical games? (d) How does students’ 

gender influence students’ retention of mathematical concepts? These questions were 

examined across multiple units and within each mathematical unit. 

Analyzing Quantitative Measures 
 
 Pretests, during intervention tests, and posttests. Since there were repeated 

instruments given in this within-group equivalent time series, a repeated measures 

analysis of variance (ANOVA) was used. The changes in the scores for the repeated 

instruments were studied. Post-hoc analyses determined if there were any differences in 

the groups. These tests were also conducted for gender. These tests determined if there 

was a gain among these groups. T-tests were also used to determine the test means. The 

means were examined to determine if there were patterns in the data over time and if 

there were patterns within each unit. Since there were a lot of analyses on the same data, I 

set the significance level at .01, rather than the standard level of .05. 
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Analyzing Qualitative Measure 
 
 Teacher journal.  This mixed method study used the teacher journal to examine 

how the use of handheld mathematical games influenced students’ retention of 

mathematical concepts. Understanding students’ opinions about using the handheld 

computers was important to the researcher. The written comments were analyzed. This 

data was coded and analyzed to find emerging themes. This qualitative source allowed 

the researcher to triangulate the data. 

 Prior to completing the quantitative measures analyses, I coded my journal 

responses looking at each ability group separately and gender separately. First I coded 

responses about each particular game since each game varied with its responses from the 

students. Then I completed my quantitative analyses. I did this to help reduce my biases 

during the results phase of my study. 

Conclusion 

 This study investigated the impact of using the game feature on the Palm® 

handheld computers in the sixth grade mathematics classroom on student retention of 

mathematical concepts. I wanted to investigate the relationship between student ability 

and performance on handheld computer mathematical review games and the relationship 

between student gender and performance on handheld computer mathematical review 

games. These were investigated across multiple units and within each mathematical unit. 

There were six units taught in this study. In three of the units, the students used the 

handheld computers to review mathematical concepts daily. In the alternating units, the 

teacher led the daily review. Multiple measures, including pretests, posttests, and delayed 
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posttests, were analyzed in the quantitative part of this study. Analysis of the teacher 

journal added to this mixed methods study. 
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 4. Results  

 

This study was a mixed methods study including both qualitative and quantitative 

results. The qualitative data included the results from the teacher journal that contained 

questions primarily about game design and observations of students’ perceptions.  This 

teacher journal was kept while the students were using the handheld computers for daily 

review. The quantitative data included the results of the statistical and descriptive 

analyses of the pretests and posttests, as well as the delayed posttests. Tables and figures 

are provided to help the reader better understand the quantitative data. This chapter 

begins with the qualitative results, followed by the quantitative analyses for each research 

question. Student ability and gender will be addressed separately.  Each analysis was 

broken into each mathematical unit and across multiple units.   

 The three ability groups’ achievement was analyzed over time. Since all students 

were in the same class, they were not compared to similar students from other classes. 

There were pretests prior to the intervention of handheld computers, multiple measures 

during the intervention phase, and posttests after the intervention, as well as delayed 

posttests. Quantitatively, a pretest-posttest design was used to measure students’ retention 

of mathematical concepts for low-ability, average-ability, and high-ability learners and 

for male and female learners.  
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Research Questions A and B- Student Ability 

The first two research questions were: (a) What is the relationship between 

student ability and performance on unit tests after using handheld review mathematical 

games? (b) How does students’ ability influence students’ retention of mathematical 

concepts?  

Analysis of Qualitative Measure 

Teacher journal. I kept a notebook where I answered the following questions on 

the days when the students used the handheld computers. 

1) Did this game enhance the curriculum? How? 

2) What did I notice about students’ perceptions with the game? 

3) Game design comments:  Likes?  Dislikes? 

4) Did certain groups or gender do better with this game? 

First, I looked at each ability level’s journal entries. I divided the responses into each 

game since some games were played on multiple days. I color coded the comments that I 

had written by using pink for females and blue for males, green for positive comments 

and yellow for negative comments. The results of positive and negative comments made 

by the sixth graders and recorded by the teacher are presented in the following tables, 

broken down by student ability and each game played. 
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Table 6 

Frequency of Positive and Negative Student Comments for High-Ability Students 

Recorded in the Teacher Journal 

Handheld Game Positive Comments Negative Comments 

Math Ace 12 9 

Divisible 4 4 

Power Play 1 3 

GCF 3 5 

LCM 3 0 

Total 23 21 

  

 

High-ability students who made comments while playing the games made more 

positive comments about Math Ace and LCM. Math Ace was “easy” for the high-ability 

students because it requires the student to respond to basic arithmetic questions. Many 

students thought it was “fun.” The negative comments from the high-ability students 

concerned the miscounting the program sometimes did. One student did mention he 

thought it was too easy. The high-ability students thought LCM was “easy.” This was 

after they had played GCF so it was a similar concept, just in reverse. The students felt it 

was easier to multiply then divide. 

There were an equal number of positive and negative comments recorded for 

Divisible. Some high-ability students felt it was “hard and addicting” but some thought it 
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was “easy” and “fun.”  More high-ability students made negative comments about Power 

Play and GCF than positive comments. They felt Power Play was” too hard and not fun.” 

GCF was also found to be “hard,” even a “brain fryer” by one student. After a few days 

of playing GCF one student who had said it was hard then said it was “easy.” 

 

Table 7 

Frequency of Positive and Negative Student Comments for Average-Ability Students 

Recorded in the Teacher Journal 

Handheld Game Positive Comments Negative Comments 

Math Ace 12 9 

Divisible 8 2 

Power Play 2 11 

GCF 4 5 

LCM 2 7 

Total 28 34 

 

 

The average-ability students made more positive comments about Math Ace and 

Divisible. The average-ability students liked Math Ace and thought it was easy. The 

negative comments about Math Ace primarily were about the miscounting, a 

programming error. Students who did not have a good grasp of basic arithmetic facts 

thought it was hard. With Divisible, I was surprised that so many average-ability students 
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thought the game was “cool” and “fun.” One student thought it was “kind of hard” and 

one student thought it was “dumb.”  

 There were more negative comments about Power Play, GCF, and LCM. Power 

Play was not liked by the average-ability students either. The students said it was “very 

hard” and “not fun.” Even two students said they “hated it.” Opposite of the high-ability 

students, the average-ability students in this study gave more negative comments about 

LCM. Students made comments like “too hard” or “challenging.” The students made 

similar comments about GCF. Some students found it to be “easy” and some students 

found it to be “hard.” One student said he “hated it because he can’t do it.”  

  

Table 8 

Frequency of Positive and Negative Student Comments for Low-Ability Students 

Recorded in the Teacher Journal 

Handheld Game Positive Comments Negative Comments 

Math Ace 4 1 

Divisible 0 2 

Power Play 1 2 

GCF 0 1 

LCM  0 0 

Simplify 0 0 

Total 5 6 
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The low-ability students made more positive comments about Math Ace. They 

thought it was “easy” or they “liked it.” One student thought it was “hard.” There were 

more negative comments about Divisible, Power Play, and GCF. The comments about 

Divisible were they “didn’t like it.” One student liked “playing a new game” when we 

began playing Power Play and the other comments were that it was “hard.” One student 

commented about GCF that the game miscounted. There were not any comments about 

LCM or Simplify. 

Math Ace was played more times by all three classes. The game required students 

to respond to basic arithmetic questions. Most students found it to be easy. The students 

who did not know their basic math facts found this game to be harder. One flaw of the 

game is sometimes it counts two wrong when only one was missed. Average-ability 

students made that comment more than high-ability students. Miscounting was not a 

comment recorded for the low-ability students. 

Divisible is a game that enabled the students to practice their understanding of 

divisibility rules. Most high- and average-ability students found it to be easy, especially 

after multiple days of playing. The low-ability students did not like Divisible. I think the 

main reason for that is because the students did not learn all the divisibility rules; 

therefore, making it more difficult for the lower-ability students. Lower-ability students 

also seem to have less mastery of multiplication and division facts, which is required for 

some of the rules. 

 Power Play required the students to have a good understanding of exponents. 

Most students found it hard and not fun. After multiple days, some high- and average- 
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ability students discovered they could use the calculator on the Palm® to help them find 

the answer. The low-ability students did not use the calculator and found this game to be 

very difficult. Even using the exponent-easy or base-easy settings on this game, some of 

the numbers were very large. An example is 7 to what power equals 16,807. This game 

also doesn’t give the correct answer; it just says “incorrect-too high” or “incorrect-too 

low.” It would have been helpful if it gave hints or even the correct answer so students 

could learn from their mistakes. Low score wins in Power Play and this confused some 

students because they were used to the high score winning. As Figure 2 shows, this game 

also did not give a game pad so the students had to use Grafiti or use the number pad, 

both of which take more time.  

GCF presented two numbers and asked the student to find the greatest common 

factor of the two numbers. There were mixed results for all three ability levels. Some 

students found the game easy and some students found the game hard. A common 

comment made by all levels was that problems repeat. A new comment by some higher 

students was how boring this game felt to them. I found some high- and average-ability 

level students listing the factors by hand to make it easier for them to find the answer. 

 LCM presented two numbers and asked the student to find the least common 

multiple of the two numbers. The high-ability students found this game easier. They 

discovered they could multiply the two given numbers, especially if they were prime 

numbers, and find the LCM. There were times they also used the calculator to find the 

answer. The average-ability students tended to hate it and felt it was too hard. They 

would just multiply the numbers and find a common multiple but not the LCM. 
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 Simplify was a game only used by the low ability students. They needed 

additional practice simplifying fractions. This was a hard game for some of them because 

it required the student to divide which was difficult for some low-ability students. I 

frequently saw them use their dry erase boards to figure out the answer. They could not 

complete it mentally. 

 In conclusion, the students enjoyed playing the games that were appropriate to 

their independent learning level. They would get bored or frustrated if the game was too 

easy or too hard. The games should have been individually programmed for each 

student’s level. This would have introduced many more variables, such as appropriate 

setting of student’s instructional level versus frustration level, into this study. 

Analysis of Quantitative Measures 

 All of the data from the assessments was entered into SPSS. Since there were a lot 

of analyses on the same data, I set the significance level at .01, rather than the standard 

level of .05. Using SPSS, the mean scores were computed for all the tests given for each 

ability group. These included Pretest, Posttest, and Delayed Posttest for each unit, 

numbered 1-6, and the EAME-2 and EAME-3 tests. The mean scores for these tests are 

located in Tables 9-11, one for each ability level.  
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Table 9 

Mean Scores from Tests for High-Ability Students (N = 18) 

Mathematical Unit Pretest Posttest Delayed Posttest 

1 Number Patterns and Algebra 

(handheld review) 

48.39 81.95 80.42 

2 Statistics and Graphing 80.79 75.42 94.44 

3 Adding and Subtracting 

Decimals (handheld review) 

71.05 88.17 91.39 

4 Multiplying and Dividing 

Decimals 

52.78 69.39 71.32 

5 Fractions and Decimals 

(GCF/LCM) (handheld review) 

56.94 80.00 86.94 

6 Adding and Subtracting 

Fractions 

51.67 89.67 77.63 

EAME 2 57.00   

EAME 3  69.56  

 

 

High-ability students showed pretest to posttest gains on each unit except for unit 

2 (Statistics and Graphing). Using SPSS, paired samples t-tests were conducted. Results 

were statistically significant for unit 1 (t(17) = 9.08, p<.001), unit 3 (t(17) = 4.54, 

p<.001), unit 4 (t(17) = 4.04, p = .001), unit 5 (t(17) = 5.68, p<.001), and unit 6 (t(17) = 
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5.88, p<.001).  However, they did not retain the information (posttest to delayed posttest) 

on units 1 (Number Patterns and Algebra) and 6 (Adding and Subtracting Fractions). On 

the paired samples t-tests from posttest to delayed posttest only unit 2 was statistically 

significant, t(17) = -4.82, p<.001. Their EAME test scores did increase from the fall to 

the winter with results being statistically significant, t(17) = 10.13, p<.001. 

 

Table 10 

Mean Scores from Tests for Average-Ability Students (N = 24) 

Mathematical Unit Pretest Posttest Delayed Posttest 

1 (handheld review) 39.83 85.71 77.17 

2 80.21 71.25 93.13 

3 (handheld review) 74.58 91.25 92.08 

4 52.08 68.25 67.29 

5 (handheld review) 58.13 74.25 85.83 

6 45.83 85.13 78.96 

EAME 2 57.00   

EAME 3  66.83  

 

Average-ability students showed pretest to posttest gains on each unit except unit 

2 (Statistics and Graphing). Results were statistically significant on unit 1 (t(23) = 13.57,  

p<.001), unit 3 (t(23) = 5.46, p<.001), unit 4 (t(23) = 5.21, p<.001), unit 5 (t(23) = 4.18, 

p<.001), and unit 6 (t(23) = 8.46, p<.001). However, they did not retain the information 
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(posttest to delayed posttest) on units 1 (Number Patterns and Algebra), 4 (Multiplying 

and Dividing Decimals), and 6 (Adding and Subtracting Fractions). On the paired 

samples t-tests from posttest to delayed posttest the following units were statistically 

significant: unit 1 (t(23) = 2.87, p = .009), unit 2 (t(23) = -7.53, p<.001), and unit 4 (t(23) 

= .24, p<.001).Their EAME test scores did increase from fall to winter, t(23) = 6.86, 

p<.001. 

 

Table 11 

Mean Scores from Tests for Low-Ability Students (N = 12) 

Mathematical Unit Pretest Posttest Delayed Posttest 

1 (handheld review) 39.58 75.00 53.67 

2 52.08 70.75 69.58 

3 (handheld review) 46.67 76.58 67.08 

4 34.17 65.83 38.75 

5 (handheld review) 33.33 70.17 48.75 

6 24.58 74.25 40.00 

EAME 2 44.00   

EAME 3  49.92  

 

Low-ability students showed pretest to posttest gains on each unit. The results 

were statistically significant on unit 1 (t(11) = 15.69, p<.001), unit 2  (t(11) = 6.04, 

p<.001), unit 3 (t(11) = 4.65, p = .001), unit 4 (t(11) = 3.78, p = .003), unit 5 (t(11) = 
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6.71, p<.001), and unit 6 (t(11) = 7.79, p<.001). On the paired samples t-tests from 

posttest to delayed posttest the following units were statistically significant: unit 1 (t(11) 

= 4.30, p = .001), unit 4 (t(11) = 4.82, p = .001),  unit 5 (t(11) = 5.19, p<.001) and unit 6 

(t(11) = 6.31, p<.001). Their EAME test scores did increase from fall to winter but the 

results were not statistically significant. 

Gain Scores and Delayed Scores 

 The next analysis used the paired samples t-test since each student received both 

handheld computer reviews and teacher led reviews so they could serve as his or her own 

comparison.  Gain scores for each unit were calculated by subtracting the posttest score 

from the pretest score. Delayed gain scores were calculated by subtracting the delayed 

posttest score from the pretest score. Using SPSS, paired samples t-tests were conducted. 

Since there were a lot of analyses on the same data, I set the significance level at .01, 

rather than the standard level of .05. The results for each unit, separated by student ability 

class, are presented in Tables 12-14. 
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Table 12 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for High-Ability 

Students (N = 18) 

Unit Type M SD t df p 

Unit 1 Gain (handheld) 32.67 15.26    

Unit 1 Delayed Gain (handheld) 32.06 16.64 .26 17 .800 

Unit 2 Gain -5.39 16.82    

Unit 2 Delayed Gain 13.06 10.45 -4.82 17 <.001* 

Unit 3 Gain (handheld) 16.50 15.42    

Unit 3 Delayed Gain (handheld) 19.72 15.67 -1.12 17 .278 

Unit 4 Gain 16.61 17.43    

Unit 4 Delayed Gain 20.00 13.83 -.78 17 .449 

Unit 5 Gain (handheld) 23.06 17.22    

Unit 5 Delayed Gain (handheld) 30.00 13.06 -2.54 17 .021 

Unit 6 Gain 38.00 27.42    

Unit 6 Delayed Gain 28.61 24.00 2.77 17 .013 

EAME 2 57.00 7.85    

EAME 3 69.56 8.90 10.13 17 <.001* 
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High-ability students had higher delayed gain scores on units 2, 3, 4, and 5. 

Results from the paired samples t-tests were statistically significant only on unit 2, t(17) 

= -4.82, p<.001. Unit 2 was a teacher-led review unit. High-ability students had higher 

gain scores on unit 1 (handheld computer review) and unit 6 (teacher-led review) but the 

results were not statistically significant. High-ability students performed better on the 

EAME 3 (posttest) than the EAME 2 (pretest), t(17) = 10.13, p<.001. 
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Table 13 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for Average-Ability 

Students (N = 24) 

Unit Type M SD t df p 

Unit 1 Gain (handheld) 45.88 16.57    

Unit 1 Delayed Gain (handheld) 37.33 13.12 2.87 23 .009* 

Unit 2 Gain -8.96 16.34    

Unit 2 Delayed Gain 12.92 9.55 -7.53 23 <.001* 

Unit 3 Gain (handheld) 16.67 14.97    

Unit 3 Delayed Gain (handheld) 17.50 14.67 -.55 23 .590 

Unit 4 Gain 16.17 15.19    

Unit 4 Delayed Gain 15.21 15.78 .24 23 .816 

Unit 5 Gain (handheld) 16.13 18.92    

Unit 5 Delayed Gain (handheld) 27.71 12.94 -4.29 23 <.001* 

Unit 6 Gain 39.29 22.76    

Unit 6 Delayed Gain 33.13 20.04 2.42 23 .024 

EAME 2 57.00 5.67    

EAME 3 66.83 9.77 6.86 23 <.001* 

 

 

Average-ability students had higher delayed gain scores on units 2, 3, and 5. 

Results from the paired samples t-tests were statistically significant only on unit 2 (t(23) 
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= -7.53, p<.001) and unit 5 (t(23) = -4.29, p<.001). Unit 2 was a teacher-led review unit 

and unit 5 was a handheld computer review unit. Average-ability students had higher gain 

scores on unit 1 (handheld computer review), unit 4 (teacher-led review) and unit 6 

(teacher-led review). Results from the samples t-tests were statistically significant only 

on unit 1 (t(23) = 2.87, p = .009). Average-ability students performed better on the 

EAME 3 (posttest) than the EAME 2 (pretest), t(23) = 6.86, p<.001. 
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Table 14 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for Low-Ability 

Students (N = 12) 

Unit Type M SD t df p 

Unit 1 Gain (handheld) 35.42 7.82    

Unit 1 Delayed Gain (handheld) 14.08 16.07 4.30 11 .001* 

Unit 2 Gain 18.67 10.71    

Unit 2 Delayed Gain 17.50 16.03 .23 11 .825 

Unit 3 Gain (handheld) 29.92 22.27    

Unit 3 Delayed Gain (handheld) 20.42 25.63 2.00 11 .071 

Unit 4 Gain 31.67 29.03    

Unit 4 Delayed Gain 4.58 15.29 4.82 11 .001* 

Unit 5 Gain (handheld) 36.83 19.02    

Unit 5 Delayed Gain (handheld) 15.42 16.85 5.19 11 <.001* 

Unit 6 Gain 49.67 22.09    

Unit 6 Delayed Gain 15.42 19.82 6.31 11 <.001* 

EAME 2 44.00 7.52    

EAME 3 49.92 11.04 3.08 11 .011 

 

  

Low-ability students did not have higher delayed gain scores on any unit. Low 

ability students had higher gain scores on all six units (1, 3, and 5 are handheld computer 
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review and 2,4, and 6 are teacher-led review). Results from the samples t-tests were 

statistically significant only on unit 1 (t(11) = 4.30, p = .001), unit 4 (t(11) = 4.82, p = 

.001), unit 5 (t(11) = 5.19, p<.001), and unit 6 (t(11) = 6.31, p<.001). Low-ability 

students performed better on the EAME 3 (posttest) than the EAME 2 (pretest) but the 

results were not statistically significant. 

 Figures 4 and 5 compare the mean gain scores for handheld units (1, 3, and 5) and 

the mean gain scores for teacher-led units (2,4, and 6) by each class; high, average, and 

low. Both the high and the average classes had negative gain scores on unit 2. The low 

classes had mean gain scores that were usually higher than the high and average classes 

probably due to the low pretest scores they started each unit with. 
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Figure 4 Mean gain scores for handheld units by class. 
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Figure 5 Mean gain scores for teacher-led units by class. 

 

Across Multiple Units-Gain Scores 

 After looking at each unit separately, analyses across multiple units were 

conducted. This was to investigate possible overall differences between the units where 

the handheld computers were used for review and the units where the handheld 

computers were not used for review (teacher-led review). Using SPSS, analysis of 

variance with repeated measures were conducted. The results found there were 

statistically significant differences within Gain 1, Gain 3, and Gain 5 (handheld gains), 

 F(4, 100) = 4.09, p = .004, but not within Gain 2, Gain 4, and Gain 6 (teacher-led gains), 

F(4,102) = .94, p = .444.  

Combined gain scores for the handheld review units (1, 3, and 5) were calculated 

by adding the gain scores from each of those units. Similarly, combined gain scores for 
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the teacher-led review units (2, 4, and 6) were calculated by adding the gain scores from 

each of those units. The combined gain scores for each class’s handheld computer review 

units, the combined gain scores for each class’s teacher-led review units, and the results 

of the paired samples t-test are presented in Table 15. 

 

Table 15 

Combined Gain Scores for Each Class by Review Type  

Review Unit Type M SD t df p 

High Handheld  73.35 25.43    

High Teacher-Led 47.12 46.41 2.60 16 .020 

Average Handheld  78.67 26.30    

Average Teacher-Led 46.50 31.26 4.24 23 <.001* 

Low Handheld  102.17 35.85    

Low Teacher-Led 100.00 47.74 .24 11 .816 

 

  

The combined gain scores for the handheld review units and the teacher-led 

review units were calculated for each ability class. For the high-ability class, the 

handheld review units obtained a combined gain score of 73.35 (SD = 25.43) and the 

teacher-led review units obtained a combined gain score of 47.12 (SD = 46.41). Results 

from the paired samples t-test were not statistically significant. The average-ability class 

handheld review units obtained a combined gain score of 78.67 (SD = 26.30) and the 
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teacher-led review units obtained a combined gain score of 46.50 (SD = 31.26). The 

results were statistically significant, t(23) = 4.24, p<.001. The low-ability class produced 

non-significant results, t(11) = .24, p = .816. The handheld review units’ combined gain 

score for the low ability class was 102.17 (SD = 35.85) and the teacher-led review units’ 

combined gain score was 100.00 (SD = 47.74). 

Overall, students who reviewed using the handheld computer mathematical games 

obtained a combined gain score on unit 1, unit 3, and unit 5 tests of 82.28 (SD = 30.00) 

and students who reviewed using the teacher-led reviews obtained a combined gain score 

on unit 2, unit 4, and unit 6 tests of 58.81 (SD = 45.64). Results from the paired samples 

t- test were statistically significant, t(52) = 4.42, p<.001. Since the probability was less 

than the .01 level, the researcher was able to reject the null hypothesis and conclude that 

there was a significant difference in the mean gain scores between the handheld computer 

mathematical games review units and the teacher-led review units.  

Across Multiple Units- Delayed Gain Scores 

 Delayed gain scores were found by subtracting each unit pretest from each unit 

delayed-posttest. After looking at each unit separately, across multiple units analyses 

were conducted. This was to see if there were any differences in the delayed gain scores 

overall between the units where handheld computers were used (handheld delayed gains) 

and the units where the handheld computers were not used (teacher-led delayed gains). 

Using SPSS, analysis of variance with repeated measures were conducted. The results 

found there were not statistically significant differences within Delayed Gain 1, Delayed 

Gain 3, and Delayed Gain 5 (handheld delayed gains), F(4,100) = 3.42, p = .011, and 
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within Delayed Gain 2, Delayed Gain 4, and Delayed Gain 6 (teacher-led delayed gains), 

F(4,102) = 2.87, p = .027.  

Combined delayed gain scores for the handheld review units (1, 3, and 5) were 

calculated by adding the delayed gain scores from each of those units. Similarly, 

combined delayed gain scores for the teacher-led review units (2, 4, and 6) were 

calculated by adding the delayed gain scores from each of those units. The combined 

delayed gain scores for each class’s handheld computer review units, the combined 

delayed gain scores for each class’s teacher-led review units, and the results of the paired 

samples t-test are presented in Table 16. 

 

Table 16 

Combined Delayed Gain Scores for Each Class by Review Type  

Review Unit Type M SD t df p 

High Handheld  84.18 28.10    

High Teacher-Led 60.88 34.34 2.58 16 .020 

Average Handheld  82.54 21.52    

Average Teacher-Led 61.25 30.19 3.06 23 .006* 

Low Handheld  49.92 44.01    

Low Teacher-Led 37.50 35.26 .98 11 .352 

 

The combined delayed gain scores for the handheld review units and the teacher-

led review units were calculated for each ability class. For the high-ability class, the 



 

 60 

handheld review units had a combined delayed gain score of 84.18 (SD = 28.10) and the 

teacher-led review units had a combined delayed gain score of 60.88 (SD = 34.34). 

Results from the paired samples t-test were not statistically significant. For the average-

ability class, handheld review units had a combined delayed gain score of 82.54 (SD = 

21.52) and the teacher-led review units had a combined delayed gain score of 61.25 (SD 

= 30.19). The results were statistically significant, t(23) = 3.06, p = .006. The low-ability 

class produced non-significant results. The handheld review units’ combined delayed 

gain score for the low ability class was 49.92 (SD = 44.01) and the teacher-led review 

units’ combined delayed gain score was 37.50 (SD = 35.26). 

Overall, students who reviewed using the handheld computer mathematical games 

obtained a mean combined delayed gain score on unit 1, unit 3, and unit 5 tests of 75.68 

(SD = 32.50) and students who reviewed using the teacher-led reviews obtained a mean 

combined delayed gain score on unit 2, unit 4, and unit 6 tests of 55.75 (SD = 33.59). 

Results from the paired samples t-test were statistically significant, t(52) = 3.92, p<.001. 

Since the probability was less than the .01 level, the researcher was able to reject the null 

hypothesis and conclude that there was a significant difference in the mean delayed gain 

scores between the handheld computer mathematical games review units and the teacher-

led review units.  

Research Questions C and D- Student Gender 

The second two research questions were: (c) What is the relationship between 

student gender and performance on unit tests after using handheld review mathematical 
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games? (d) How does students’ gender influence students’ retention of mathematical 

concepts?  

Analysis of Qualitative Measure 

Teacher journal.  I kept a notebook where I answered the following questions on 

the days when the students used the handheld computers. 

1) Did this game enhance the curriculum? How? 

2) What did I notice about students’ perceptions with the game? 

3) Game design comments:  Likes?  Dislikes? 

4) Did certain groups or gender do better with this game? 

After looking at each ability level’s journal entries, I divided the responses by game since 

some games were played on multiple days. I color coded the comments that I had written 

by using pink for females and blue for males, green for positive comments and yellow for 

negative comments. The answers to these questions made this a richer study by 

addressing the teacher side of the game designs. This helped me to validate some of the 

quantitative results of the study.  

 The results of positive and negative comments made by the sixth graders and 

recorded by the teacher are presented in the following tables, broken down by student 

gender and each game played. 
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Table 17 

Frequency of Positive and Negative Student Comments by Student Gender for High- 

Ability Students Recorded in the Teacher Journal 

Handheld Game Male Positive Male Negative Female Positive Female Negative 

Math Ace 4 2 8 7 

Divisible 1 0 3 4 

Power Play 1 2 0 1 

GCF 3 1 0 4 

LCM 3 0 0 0 

Total 12 5 11 16 

 

 

During Math Ace and Divisible, more female students made comments. During 

Power Play and LCM more male students made comments. With Math Ace, most of the 

positive comments were “fun” or “easy;” whereas, most of the negative comments made 

by the females were about the miscounting of the game if the student missed a question. 

The males felt it was hard or it was not hard enough. With Divisible, the male and female 

positive comments were “fun” or “easy.” With the females, this was after a couple days 

of playing this game. The first days the females commented it was “hard.” One female 

called it “addicting!” Only one male student felt Power Play was “fun”. The three 

negative comments included “not fun” or “hard.” Initially, the students found GCF to be 

“hard” or “boring”; but after subsequent days of play, some of the male comments were 
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“easy.” I noted that after the third day of playing GCF that males wanted to stick with it; 

whereas, the females wanted to socialize. The male positive comments about LCM were 

that it was “easy.” 

 

Table 18 

Frequency of Positive and Negative Student Comments by Student Gender for Average- 

Ability Students Recorded in the Teacher Journal 

Handheld Game Male Positive Male Negative Female Positive Female Negative 

Math Ace 1 2 11 7 

Divisible 1 1 7 1 

Power Play 2 2 0 9 

GCF 2 3 2 2 

LCM 0 4 2 3 

Total 6 12 22 22 

 

 

During Math Ace, Divisible, Power Play, and LCM, more average-ability female 

students made comments about the games. Only GCF had more male comments. With 

Math Ace, one male thought it was “fun” but two males thought it was “boring” and 

“hard.” The females liked it and thought it was “fun” or “easy.” The negative comments 

made by females were the miscounted problem with the game. Only one female “hated” 

Math Ace, according to my journal responses. 
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 The average-ability students liked Divisible. One male thought it was “dumb” and 

one female thought it was “kinda hard.” Overwhelmingly, the females did not like Power 

Play because they thought it was “hard,” “boring,” and even one female comment was 

“not fun.” The males felt it was “awesome” or “hard.” GCF also received mixed reactions 

when males thought it was “easy” or “too hard” and the female comments included 

“awesome” and “hard.” With LCM, the males commented that they thought it was 

“challenging” or they “hated it.” The females had mixed reactions. Some thought it was 

“okay”; whereas, some thought it was “too hard” or they “hated it.”  

 

Table 19 

Frequency of Positive and Negative Student Comments by Student Gender for Low- 

Ability Students Recorded in the Teacher Journal 

Handheld Game Male Positive Male Negative Female Positive Female Negative 

Math Ace 3 1 1 0 

Divisible 0 1 0 1 

Power Play 0 1 1 1 

GCF 0 1 0 0 

LCM 0 0 0 0 

Simplify 0 0 0 0 

Total 3 4 2 2 
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There were fewer comments about the games played by the low ability students. 

The first reason is because they started with a smaller class (n = 12) whereas the average- 

ability and high-ability classes were larger. Secondly, these students are of lower ability 

and have to concentrate more to play these handheld computer games. I also had to help 

more students when they were having difficulty with the games so I recorded fewer 

comments from the students. 

 With Math Ace, the males and female thought it was “easy” or they “liked it.” 

One male thought it was “hard.” The male and female comment about Divisible was they 

“didn’t like it.” One female liked “playing a new game” when we began playing Power 

Play and the other comments were that it was “hard.” Power Play was very difficult for 

them because the game presents some larger numbers and the low-ability students did not 

have a good grasp of exponents. One male commented about GCF that the game 

miscounted. The low-ability students worked very hard playing the games but I found 

them having difficulty so they listed factors for GCF or multiples for LCM on their dry 

erase boards. They also did a lot of work on their dry erase boards for Simplify. 

Analysis of Quantitative Measures 

 Using SPSS, I found the mean scores for all the tests given for each gender. These 

included Pretest, Posttest, and Delayed Posttest for each unit, numbered 1-6, and the 

EAME-2 and EAME-3 tests. The mean scores for these tests are located in Tables 20-23, 

one for total gender and each ability level. 
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Table 20 

Mean Scores for Tests from All Level Students by Gender (N = 53) 

Mathematical Unit Pretest 

Male 

Posttest 

Male 

Delayed 

Posttest 

Male 

Pretest 

Female 

Posttest 

Female 

Delayed 

Posttest 

Female 

1 (handheld review) 39.20 76.24 69.60 45.59 86.93 76.13 

2 70.60 69.52 86.25 77.33 75.13 90.00 

3 (handheld review) 62.00 85.00 85.42 71.67 88.53 87.00 

4 43.13 64.58 53.60 52.50 70.90 69.83 

5 (handheld review) 48.75 70.96 76.88 55.00 78.70 78.83 

6 37.5 84.13 66.20 47.50 84.30 73.17 

EAME 2 51.84   56.07   

EAME 3  59.56   67.53  

 

 Overall, females scored higher on pretests than male students. Females also 

scored higher on posttests and delayed posttests than male students. They also scored 

higher on both EAME tests.  Comparing gender on the EAME 2 and EAME 3 tests 

produced non-significant results. 
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Table 21 

Mean Scores for Tests from High-Ability Level Students by Gender (N = 18) 

Mathematical Unit Pretest 

Male 

Posttest 

Male 

Delayed 

Posttest 

Male 

Pretest 

Female 

Posttest 

Female 

Delayed 

Posttest 

Female 

1 (handheld review) 41.00 74.75 74.00 54.30 87.18 85.09 

2 83.13 70.88 92.14 79.09 78.73 95.91 

3 (handheld review) 68.75 84.14 90.00 72.73 90.73 92.27 

4 47.14 59.57 65.00 56.36 75.64 75.91 

5 (handheld review) 59.29 72.71 91.43 55.45 84.64 84.09 

6 52.14 86.86 76.88 51.36 91.45 78.18 

EAME 2 54.88   58.70   

EAME 3  64.63   72.27  

 

  

High-ability males outperformed high-ability females on pretests for units 2, 5, 

and 6. The males did not score higher on any of the posttests. Males only outperformed 

high-ability females on the unit 5 delayed posttest. Females scored higher on both EAME 

tests. 
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Table 22 

Mean Scores for Tests from Average-Ability Level Students by Gender (N = 24) 

Mathematical Unit Pretest 

Male 

Posttest 

Male 

Delayed 

Posttest 

Male 

Pretest 

Female 

Posttest 

Female 

Delayed 

Posttest 

Female 

1 (handheld review) 36.89 78.11 73.78 41.60 90.27 79.20 

2 75.56 64.44 92.22 83.00 75.33 93.67 

3 (handheld review) 68.89 86.78 91.67 78.00 93.93 92.33 

4 45.00 62.56 53.33 56.33 71.67 75.67 

5 (handheld review) 55.56 66.56 83.89 59.67 78.87 87.00 

6 37.22 82.22 73.33 51.00 86.87 82.33 

EAME 2 55.22   58.07   

EAME 3  61.89   69.80  

 

  

Average-ability females scored higher than males on all the unit pretests, 

posttests, and delayed posttests. They also scored higher on both EAME tests. 
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Table 23 

Mean Scores for Tests from Low-Ability Level Students by Gender (N = 12) 

Mathematical Unit Pretest 

Male 

Posttest 

Male 

Delayed 

Posttest 

Male 

Pretest 

Female 

Posttest 

Female 

Delayed 

Posttest 

Female 

1 (handheld review) 40.00 75.63 60.50 38.75 73.75 40.00 

2 52.50 73.88 74.38 51.25 64.50 60.00 

3 (handheld review) 47.50 83.75 74.38 45.00 62.25 52.50 

4 37.50 71.25 42.50 27.50 55.00 31.25 

5 (handheld review) 31.88 74.38 56.25 36.25 61.75 33.75 

6 25.00 83.88 47.50 23.75 55.00 25.00 

EAME 2 45.00   42.00   

EAME 3  51.88   46.00  

 

  

Low-ability males outperformed females on pretests for units 1, 2, 3, 4, and 6. 

Males outperformed females on all posttests and delayed posttests. Males also outscored 

females on both EAME tests. 

Gain scores for each unit were calculated by subtracting the posttest score from 

the pretest score. Mean gain scores for the handheld review units (1, 3, and 5) were 

calculated by adding the gain scores from each of those units and dividing by three. 

Similarly, mean gain scores for the teacher-led review units (2, 4, and 6) were calculated 
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by adding the gain scores from each of those units and dividing by three. The handheld 

computer review units mean gain score for all males was 27.58 (SD = 11.69) and the 

teacher-led review units mean gain score for all males was 22.39 (SD = 16.32). Results of 

the paired samples t-test for all males were not statistically significant. The female 

handheld computer review units mean gain score was 27.30 (SD = 8.57) and the female 

teacher-led review units mean gain score was 17.30 (SD = 14.11). Results of the paired 

samples t-test for all females were statistically significant, t(28) = 3.92, p = .001. Using 

SPSS, analysis of variance was conducted for the gain scores. Comparing gender, none of 

the comparisons had statistically significant differences.  

Gain scores for each unit were calculated by subtracting the posttest score from 

the pretest score. Delayed gain scores were calculated by subtracting the delayed posttest 

score from the pretest score. Using SPSS, paired samples t-tests were conducted using the 

gain scores and the delayed gain scores. The results for each unit, separated by student 

ability class and gender, are presented in Tables 24-29. 
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Table 24 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for High-Ability 

Male Students (N = 8) 

Unit Type M SD t df p 

Unit 1 Gain 33.75 13.12    

Unit 1 Delayed Gain 33.00 18.24 .16 7 .877 

Unit 2 Gain -13.29 14.75    

Unit 2 Delayed Gain 7.14 10.75 -2.54 7 .044 

Unit 3 Gain 14.14 18.56    

Unit 3 Delayed Gain 20.00 20.41 -1.05 7 .336 

Unit 4 Gain 12.43 22.47    

Unit 4 Delayed Gain 20.71 16.69 -.90 7 .405 

Unit 5 Gain 13.43 17.60    

Unit 5 Delayed Gain 32.14 17.29 -6.97 7 <.001* 

Unit 6 Gain 34.71 10.92    

Unit 6 Delayed Gain 31.43 16.76 .71 7 .503 

EAME 2 54.88 6.52    

EAME 3 64.63 8.21 -6.27 7 <.001* 

 

  

High-ability male students had higher delayed gain scores on units 2, 3, 4, and 5. 

Results from the paired samples t-tests were statistically significant only on unit 5, t(7) = 
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-6.97, p<.001. Unit 5 was a handheld computer review unit. High-ability male students 

had higher gain scores on unit 1 (handheld computer review) and unit 6 (teacher-led 

review). Results from the paired samples t-tests were not statistically significant. High- 

ability male students had higher EAME 3 (posttest) scores than EAME 2 (pretest) scores, 

t(7) = -6.27, p<.001. 
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Table 25 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for High-Ability 

Female Students (N = 11) 

Unit Type M SD t df p 

Unit 1 Gain 31.80 17.43    

Unit 1 Delayed Gain 31.30 16.21 .21 9 .836 

Unit 2 Gain -.36 16.69    

Unit 2 Delayed Gain 16.82 8.74 -4.34 10 .002* 

Unit 3 Gain 18.00 13.82    

Unit 3 Delayed Gain 19.55 12.93 -.48 10 .640 

Unit 4 Gain 19.27 13.91    

Unit 4 Delayed Gain 19.55 12.54 -.07 10 .950 

Unit 5 Gain 29.18 14.57    

Unit 5 Delayed Gain 28.64 10.27 .29 10 .781 

Unit 6 Gain 40.09 34.55    

Unit 6 Delayed Gain 26.82 28.31 2.96 10 .014 

EAME 2 58.70 8.72    

EAME 3 73.50 2.42 9.43 9 <.001* 

 

  

High-ability female students had higher delayed gain scores on units 2, 3, and 4. 

Results from the paired samples t-tests were statistically significant only on unit 2, t(10) 
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= -4.34, p = .002. Unit 2 was a teacher-led review unit. High-ability female students had 

higher gain scores on unit 1 (handheld computer review), unit 5 (handheld computer 

review), and unit 6 (teacher-led review). Results from the paired samples t-tests were 

statistically significant only on the EAME 2 (pretest) to EAME 3 (posttest), t(9) = 9.43, 

p<.001. 
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Table 26 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for Average-Ability 

Male Students (N = 9) 

Unit Type M SD t df p 

Unit 1 Gain 41.22 19.89    

Unit 1 Delayed Gain 36.89 11.10 .77 8 .465 

Unit 2 Gain -11.11 19.93    

Unit 2 Delayed Gain 16.67 7.91 -5.24 8 .001* 

Unit 3 Gain 17.89 9.06    

Unit 3 Delayed Gain 22.78 9.39 -3.84 8 .005* 

Unit 4 Gain 17.56 20.29    

Unit 4 Delayed Gain 8.33 17.32 1.06 8 .321 

Unit 5 Gain 11.00 21.41    

Unit 5 Delayed Gain 28.33 16.39 -3.06 8 .016 

Unit 6 Gain 45.00 22.97    

Unit 6 Delayed Gain 36.11 16.92 2.13 8 .066 

EAME 2 55.22 3.93    

EAME 3 61.89 10.46 -2.27 8 .053 

 

  

Average-ability male students had higher delayed gain scores on units 2, 3, and 5. 

Results from the paired samples t-tests were statistically significant on unit 2 (t(8) = -
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5.24, p = .001) and unit 3 (t(8) = -3.84, p = .005). Unit 2 was a teacher-led review unit 

and unit 3 was a handheld computer review unit. Male average-ability students had 

higher gain scores on unit 1 (handheld computer review), unit 4 (teacher-led review), and 

unit 6 (teacher-led review). Results from the paired samples t-tests were not statistically 

significant. The EAME pretest to posttest comparison also produced non-significant 

results. 
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Table 27 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for Average-Ability 

Female Students (N = 15) 

Unit Type M SD t df p 

Unit 1 Gain 48.67 14.24    

Unit 1 Delayed Gain 37.60 14.56 3.32 14 .005* 

Unit 2 Gain -7.67 14.38    

Unit 2 Delayed Gain 10.67 9.98 -5.76 14 <.001* 

Unit 3 Gain 15.93 17.87    

Unit 3 Delayed Gain 14.33 16.57 .76 14 .459 

Unit 4 Gain 15.33 11.92    

Unit 4 Delayed Gain 19.33 13.74 -1.12 14 .282 

Unit 5 Gain 19.20 17.28    

Unit 5 Delayed Gain 27.33 11.00 -3.35 14 .005* 

Unit 6 Gain 35.87 22.72    

Unit 6 Delayed Gain 31.33 22.08 1.39 14 .185 

EAME 2 58.07 6.39    

EAME 3 69.80 8.32 8.85 14 <.001* 

 

  

Average-ability female students had higher delayed gain scores on units 2, 4, and 

5. Results from the paired samples t-tests were statistically significant on unit 2 (t(14) = -
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5.76, p<.001) and unit 5 (t(14) = -3.35, p = .005). Unit 2 was a teacher-led review unit 

and unit 5 was a handheld computer review unit. Female average-ability students had 

higher gain scores on units 1 and 3 (handheld computer review) and unit 6 (teacher-led 

review). Results from the paired samples t-tests were statistically significant only on unit 

1, t(14) = 3.32, p = .005 and the EAME 2 (pretest) to EAME 3 (posttest) comparison, 

t(14) = 8.85, p<.001. 
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Table 28 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for Low-Ability 

Male Students (N = 8) 

Unit Type M SD t df p 

Unit 1 Gain 35.63 5.63    

Unit 1 Delayed Gain 20.50 14.92 3.20 7 .015 

Unit 2 Gain 21.38 11.58    

Unit 2 Delayed Gain 21.88 12.80 -.10 7 .923 

Unit 3 Gain 36.25 22.41    

Unit 3 Delayed Gain 26.88 29.52 1.72 7 .131 

Unit 4 Gain 33.75 27.09    

Unit 4 Delayed Gain 5.00 17.73 5.02 7 .002* 

Unit 5 Gain 42.50 20.51    

Unit 5 Delayed Gain 24.38 12.94 3.46 7 .011 

Unit 6 Gain 58.88 17.78    

Unit 6 Delayed Gain 22.50 20.36 6.12 7 <.001* 

EAME 2 45.00 6.33    

EAME 3 51.88 11.85 -2.68 7 .032 

 

  

Low-ability male students had higher delayed gain scores only on unit 2, a 

teacher-led review unit. Results from the paired samples t-test were not statistically 
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significant. Low-ability male students had higher gain scores on the other five units (1, 3, 

and 5 are handheld computer review and 4 and 6 are teacher-led review). Results from 

the samples t-tests were statistically significant on unit 4 (t(7) = 5.02, p = .002), and unit 

6 (t(7) = 6.12, p<.001). The EAME 2 (pretest) to EAME 3 (posttest) comparison 

produced non-significant results for low-ability male students. 
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Table 29 

Comparison of Gain Scores and Delayed Gain Scores for Each Unit for Low-Ability 

Female Students (N = 4) 

Unit Type M SD t df p 

Unit 1 Gain 35.00 12.25    

Unit 1 Delayed Gain 1.25 9.92 3.57 3 .038 

Unit 2 Gain 13.25 7.00    

Unit 2 Delayed Gain 8.75 20.16 .35 3 .752 

Unit 3 Gain 17.25 18.05    

Unit 3 Delayed Gain 7.50 6.46 .94 3 .417 

Unit 4 Gain 27.50 36.63    

Unit 4 Delayed Gain 3.75 11.09 1.73 3 .183 

Unit 5 Gain 25.50 9.40    

Unit 5 Delayed Gain -2.50 2.89 4.58 3 .020 

Unit 6 Gain 31.25 19.31    

Unit 6 Delayed Gain 1.25 8.54 2.45 3 .092 

EAME 2 42.00 10.30    

EAME 3 46.00 9.42 -1.40 3 .256 

 

  

Low-ability female students did not have any higher delayed gain scores than gain 

scores. Low-ability female students had higher gain scores on the six units (1, 3, and 5 
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are handheld computer review and 2, 4, and 6 are teacher-led review). Results from the 

samples t-tests were not statistically significant. The EAME 2 (pretest) to EAME 3 

(posttest) comparison produced non-significant results for low-ability female students. 
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Figure 6 Handheld gain scores by ability level and gender. 
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Figure 7 Teacher-led gain scores by ability level and gender. 

  

Figures 6 and 7 show the mean gain scores for the handheld units and the teacher-

led units. Unit 3 gain scores were very similar except for the low-ability males who had a 

higher gain score on that unit. High- and average-ability males and females had negative 

gain scores on unit 2.  

Across Multiple Units- Gain Scores 

After looking at each unit separately, across multiple units analyses were 

conducted. This was to see if there were any differences overall between the units where 

the handheld computers were used for review and the units where the handheld 

computers were not used for review (teacher-led review). Using SPSS, analysis of 

variance with repeated measures were conducted. The results found there were not any 

statistically significant differences for gender.  Within Gain 1, Gain 3, and Gain 5 
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(handheld), F (2, 102) = 1.00, p = .370, nor within Gain 2, Gain 4, and Gain 6 (teacher-

led), F(2,104) = .81, p = .449. There were no statistically significant differences between 

the genders on Gain 1, Gain 3, Gain 5; F(1,51) = .01, p = .919 and Gain 2, Gain 4, Gain 

6, F(1,52) = 1.31, p = .258. 

Across Multiple Units- Delayed Gain Scores 

Delayed gain scores were found by subtracting each unit pretest from each unit 

delayed-posttest. After looking at each unit separately, across multiple units analyses 

were conducted. This was to see if there were any differences in the delayed gain scores 

overall between the units where handheld computers were used (handheld delayed gains) 

and the units where the handheld computers were not used (teacher-led delayed gains). 

Using SPSS, analysis of variance with repeated measures were conducted. The results 

found there were no statistically significant differences within Delayed Gain 1, Delayed 

Gain 3, and Delayed Gain 5 (handheld), F(2,102) = .64, p = .532, and within Delayed 

Gain 2, Delayed Gain 4, and Delayed Gain 6 (teacher-led), F(2,104) = 1.94, p = .149. 

There were no statistically significant differences between the genders on Delayed Gain 

1, Delayed Gain 3, and Delayed Gain 5, F(1,51) = 2.48, p = .122 and between the 

genders on Delayed Gain 2, Delayed Gain 4, and Delayed Gain 6 (teacher-led), F(1,52) = 

.01, p = .914. 

Limitations of the Study 

There are several limitations to this study. This study included only one teacher.    

Being the teacher and researcher, there were inherent biases that I tried to reduce. I tried 

to maintain objectivity and keep a critical edge for proper analysis of the data. I tried to 
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make sure that my attitude towards the technology, which reflected in my mannerisms 

and speech, did not affect the students and their performance, either positively or 

negatively (Ball, 2000).  

Since there was only one teacher in the intervention, all the students received the 

same intervention and were not compared to a control group. The students’ performance 

was analyzed by comparing gain scores from pretests to posttests and pretests to delayed 

posttests. Including only one teacher also meant the sample size was small, particularly 

within the sub-groups of the whole sample. 

The reliability and validity of the tests used in this study were also a limitation to 

this study. The pretests and posttests, with the exception of the EAME tests, were 

textbook and/or teacher created. However, the assessments were consistent with other 

assessments in the class and hence familiar in format and structure to the students.  

A major problem with the teacher journal is I only responded with my 

perceptions. I only recorded what I heard. I did not ask each student for their opinions. 

Therefore, only vocal student’s comments were recorded. Many students did not make 

comments so the silent majority was not represented in the teacher’s journal. This may 

have skewed my qualitative results. 

There are many handheld computer mathematical games available but I chose to 

use only free games. Also, in order to reduce the variables in this study, I didn’t 

differentiate instruction with the students in using the games. All of the students used the 

same game settings for review. I should have individualized instruction more by setting 
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the appropriate games to the individual students’ needs. I felt this was a huge variable 

that I did not want to introduce into this study, but it is an area for further investigation. 
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 5. Discussion 

 

This study investigated the use of handheld computer mathematical games for 

constant daily review to help students improve the retention of mathematical concepts. 

The purpose of this chapter is to discuss the results of this study and implications for use 

of handheld computer mathematical games in the classroom. This mixed methods study 

was guided by the following research questions:  (a) What is the relationship between 

student ability and performance on unit tests after using handheld review mathematical 

games? (b) How does students’ ability influence students’ retention of mathematical 

concepts? (c) What is the relationship between student gender and performance on unit 

tests after using handheld review mathematical games? (d) How does students’ gender 

influence students’ retention of mathematical concepts? These questions were examined 

across multiple units and within each mathematical unit. Based on the research questions 

of the study and after analysis of the quantitative and qualitative data collected, the 

following major conclusions were drawn. These conclusions are presented below and 

explained in further detail in this chapter. 

Conclusion One: High-ability students using handheld computer mathematical 

games do not retain more mathematical content on unit tests. 

Conclusion Two: Average-ability students using handheld computer mathematical 

games do retain more mathematical content on unit tests. 
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Conclusion Three: Low-ability students using handheld computer mathematical 

games do not retain more mathematical content on unit tests. 

Conclusion Four: High-ability male and female students using handheld computer 

mathematical games do not retain more mathematical content on unit tests. 

Conclusion Five: Average-ability female students using handheld computer 

mathematical games retain more mathematical content on unit tests; whereas, average- 

ability male students do not retain more mathematical content on unit tests. 

Conclusion Six: Low-ability male and female students using handheld computer 

mathematical games do not retain more mathematical content on unit tests. 

First, results from the statistical analyses showed that there was a statistically 

significant difference between handheld computer review units and teacher led review 

units. Overall, the units where students reviewed using handheld computers did 

significantly better than units where the students completed teacher-led reviews. This was 

true of both gain scores and delayed gain scores. My goal was retention of mathematical 

concepts so I looked more carefully at the delayed gain scores but I also related any 

findings with the gain scores. In general the delayed posttest scores, while lower than the 

posttest scores, were higher than the pretest scores. I looked across multiple units and 

within each unit to see the results. Yet, deeper analyses showed differences with students’ 

ability and gender. These differences will be discussed in this chapter. 
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Student Ability 

Looking at overall results, students who reviewed using the handheld computer 

mathematical games obtained statistically significant higher mean gain scores and higher 

mean delayed gain scores. When the data is disaggregated, only average-ability students 

have statistically significant higher mean gain scores and higher mean delayed gain 

scores. When looking across multiple units and broken into ability groups high-ability 

students had much higher mean gain scores and mean delayed gain scores on the 

handheld computer review units than the teacher-led review units. The low-ability 

students’ results were very different. The combination of the 18 high-ability and the 24 

average-ability students’ scores helped cause the statistically significant results for the 

overall comparison. There were only 12 low-ability students in this study. Discussion of 

the disaggregated data is presented below. 

Discussion About High-Ability Students 

 For all ages, Fletcher-Flinn and Gravatt (1995) found in their meta-analysis that 

high-ability students using CAI improved more. I did not find this to be the case with this 

study. For the 18 high-ability students included in this study, their delayed gain mean 

scores outperformed their unit gain mean scores on units 2 (teacher-led review), 3 

(handheld review), 4 (teacher-led review), and 5 (handheld review).  So, two handheld 

computer review units and two teacher-led review units produced higher delayed gain 

mean scores in high ability students. Unit 2 delayed gain mean scores were statistically 

significant.  
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After analyzing the unit scores, mean gain scores, and delayed gain scores, unit 2 

scores, especially for the high-ability and average-ability classes, looked different. The 

students’ scores decreased from pretest to posttest, then made major delayed gains from 

pretest to delayed posttest. Upon looking at the units, unit 2 included statistics and 

graphing with topics of bar, line, and circle graphs, stem and leaf plots, and calculating 

mean, median, mode, and range. The delayed posttest for unit 2 was given during unit 3 

which included comparing and ordering decimals, rounding decimals, and adding and 

subtracting decimals. There wasn’t anything that was taught during unit 3 that would 

have helped the students on the unit 2 delayed posttest. Upon looking at the students’ 

tests, the unit 2 posttest questions seemed harder for the students than either the unit 2 

pretest or the unit 2 delayed posttest. This is the only explanation I could find for the 

much higher delayed gain scores on unit 2 than gain scores on unit 2.  

 The high-ability students gave more positive comments about the mathematical 

games Math Ace and LCM. Math Ace was easy for the high-ability students because it 

requires the student to respond to basic arithmetic questions. Math Ace was the first 

mathematical game the students played on the handheld computers; therefore, the novelty 

may have excited some students. Many students thought it was “fun.” The negative 

comments from the high ability students concerned the miscounting the program 

sometimes did. One student did mention he thought it was too easy.  

The high-ability students thought LCM was easy. This was after they had played 

GCF so it was a similar concept, just in reverse. The students felt it was easier to multiply 

then divide. This game presented two numbers and asked the student to find the least 
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common multiple of the two numbers. The high ability students found this game easier. 

They discovered they could multiply the two given numbers, especially if they were 

prime numbers, and find the LCM. There were times they also used the calculator on the 

handheld computer to find the answer. The students played LCM after five days of 

playing GCF. The students were more familiar with the mathematical concepts of GCF 

and LCM when they began playing LCM. I think this is another reason for the more 

positive comments for LCM from the high-ability students.  

 High-ability students did not like Power Play. This game required the students to 

have a good understanding of exponents. Most students found it hard and not fun. After 

multiple days, some high ability students discovered they could use the calculator on the 

handheld computer to help them find the answer, like they did with LCM. When using 

the exponent-easy or base-easy settings on this game, some of the numbers were very 

large. An example is 7 to what power equals 16,807. This game also doesn’t give the 

correct answer; it just says “incorrect-too high” or “incorrect-too low.” It would have 

been helpful if it gave hints or even the correct answer so students could learn from their 

mistakes. Low score wins in Power Play and this confused some students because they 

are used to high score winning. This is a different mindset for these competitive high- 

ability students. This game also did not give a game pad so the students had to use Grafiti 

or use the number pad, both of which take more time. These various factors led to the 

high-ability students not liking Power Play even after multiple days. 

 The results for the high-ability students show there is not any evidence for using 

handheld computer review games with this group of students. There were not enough 
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statistically significant differences on the gain mean scores or the delayed gain mean 

scores. The students may have enjoyed using the handheld computers but their 

mathematics achievement on the unit tests did not significantly improve with their use. 

One variable that I did not want to introduce was to change the settings on the computer 

programs to more accurately fit the student’s needs. This may have helped challenge 

these high-ability students more and improved their retention of mathematical concepts. 

 Bishop and Forgasz (2007) found that ability grouped students’ technology use 

was related to the grouping level and the student’s home access to technology. They 

noticed higher ability students and middle class students used technology more. The 

high-ability students in this study were also familiar with technology. The novelty of the 

Palm® handheld computers wore off after about one day with each new review game. 

This is another reason why the settings should be set for the student’s needs.  Most of the 

high-ability students needed more of a challenge. For all ages, Fletcher-Flinn and Gravatt 

(1995) found in their meta-analysis that high ability students using CAI improved more. 

While the high-ability students test scores did show improvement, there were not 

statistically significant improvements evidenced by the gain or delayed gain scores. Since 

there were a lot of analyses on the same data, I set the significance level at .01, rather 

than the standard level of .05. When looking across multiple units both gain scores and 

delayed gain scores for high ability students had p values of .020. High-ability students 

did have higher mean gain scores and higher mean delayed gain scores on the handheld 

computer review units just not statistically significantly higher. 
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Discussion About Average-Ability Students 

 Results from this study found that 24 average-ability students performed better on 

units 2 (teacher-led review), 3 (handheld review), and 5 (handheld review) delayed gain 

scores. Therefore, average-ability students retained information on two handheld review 

units and one teacher-led unit. Unit 2 delayed gain mean scores and unit 5 delayed gain 

mean scores were statistically significant. Looking across multiple units, average-ability 

students performed statistically significantly better on both gain scores and delayed gains 

scores on the handheld computer review units than the teacher-led review units.  

Handheld computer mathematical games helped the average students more than the 

teacher-led reviews. 

 The average-ability students made more positive comments about Math Ace and 

Divisible. As with the high ability students, Math Ace was the first handheld 

mathematical game the students played so the novelty added to their excitement. The 

average-ability students liked Math Ace and thought it was easy. The negative comments 

about Math Ace primarily were about the miscounting, a programming error. Students 

who did not have a good grasp of basic arithmetic facts thought it was hard. With 

Divisible, I was surprised that so many average-ability students thought the game was 

“cool” and “fun.” Maybe one reason they liked Divisible is because after repeated use of 

the divisibility rules they were catching on to the mathematical concept, thus making it 

cool. One student thought it was “kind of hard” and one student thought it was dumb. 

Divisible is a game that enabled the students to practice their understanding of divisibility 
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rules. Most average-ability students found it to be easy, especially after multiple days of 

playing. 

 Power Play was not liked by the average-ability students. The students said it was 

“very hard” and “not fun.” Two students said they “hated it.” Again, I feel this is 

primarily due to the fact that the game presented some hard questions even when it was 

set for easy. Some of the students used the calculator on the Palm to help figure out the 

answer, but that takes more time which the students did not like.  Also, the students did 

not like that low score wins. They are used to high scores winning.  

 Opposite of the high-ability students, the average-ability students in this study 

gave more negative comments about LCM. Students made comments like “too hard” or 

“challenging.” I am not sure why they felt this game was harder than GCF because LCM 

uses more multiplication where GCF uses more division. It is also confusing because the 

students played GCF before playing LCM. Maybe they were used to finding the GCF of 

the numbers so it was more challenging to reverse and find the LCM of two numbers. 

The results for the average-ability students show there is some evidence for using 

handheld computer review games with this group of students. There were statistically 

significant differences on gain scores for three handheld computer review units and two 

teacher-led review units. There were also statistically significant differences on delayed 

gain scores on one handheld computer review unit and one teacher-led review unit. 

Statistically significant differences were found in overall mean gain scores and mean 

delayed gain scores on the handheld computer units. For these average-ability students, it 

is beneficial to use the handheld computers to help the students review the concepts so 
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they perform better on unit tests. The students also enjoyed using the handheld 

computers. The games used in this study were probably programmed for the average 

student in mind; therefore, these students found more success when they used handheld 

computer review games. 

Most of the research found that high-ability and at-risk students showed more 

improvement when using CAI. My study found that using handheld computer 

mathematical review games was more beneficial for the average-ability students. As 

previously noted, the games were programmed with the average student in mind. They 

were not too challenging and not too easy for most of the average-ability students. The 

average-ability students also did not have as much prior technology use as the high-

ability students in this study. Also there were 24 average-ability students, more than the 

18 high-ability students or the 12 low-ability students. When the data is not 

disaggregated, the 24 average-ability students’ scores helped the mean increase. 

Discussion About Low-Ability Students 

 In Akiba’s (2002) meta-analysis, she found CAI to be more beneficial for at-risk 

students and in the much-cited Kulik, Kulik, and Bangert-Drowns (1985) meta-analysis 

of computer-assisted instruction they found CAI was most beneficial for the achievement 

of the low-ability students. This was not the result in my study. The 12 low-ability 

students did not receive higher mean delayed gain scores on any of the units. There were 

statistically significant differences in unit 1 (handheld review), unit 4 (teacher-led 

review), unit 5 (handheld review), and unit 6 (teacher-led review) gain scores. So the 

low-ability students did better on two handheld computer review units and two teacher-
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led review units but they were unable to retain the information taught over longer time 

since there were not any statistically significant delayed gain scores.  

One of the factors for the results of this study may have been the lower number of 

students in the low-ability class. This makes all comments more powerful. There were 

fewer comments recorded in the teacher’s journal because the students seemed to be 

concentrating more and I also had to help students more. This is in part due to the fact 

that the students were not strong with their math facts and in part due to the technology. 

Bishop and Forgasz (2007) found that higher-ability students used technology more. I felt 

that the lower-ability students needed more help with the technology as compared to the 

higher-ability and average-ability students. The lower-ability students also needed more 

help with the mathematical aspect of the games. 

The lower-ability students liked Math Ace. Again, this is primarily due to the ease 

of the basic arithmetic facts. These students were slower and seemed to have to 

concentrate harder. On a small study of seven elementary students in Israel, Hativa 

(1988) looked at CAI for drill and practice in mathematics. She found that high-achieving 

students benefited more from CAI because they were more able to adjust; whereas, low-

achieving students made less progress because of computer user errors. This may also 

contribute to why the lower-ability students did not progress as much with the handheld 

computer review units. 

The students did not like Divisible and Power Play. The problem with Divisible is 

that the low-ability students did not learn all of the divisibility rules prior to playing the 

game so that was more difficult. The students said they “didn’t like it,” especially when 
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compared to Math Ace. Power Play was difficult for all students so it is understandable 

that the lower-ability students would think it is hard. They were not as technologically 

savvy so they did not use the calculator on the Palm® and repeated multiplication was 

more difficult for the lower-ability students. 

The low-ability students’ performance did not improve with these particular 

games; however there could be ways to adjust the settings so that games were less 

frustrating and more suited to the students’ level that could make them more conducive to 

learning. There were not enough statistically significant differences on the gain mean 

scores or the delayed gain mean scores. The students may have enjoyed using the 

handheld computers for some review games but their mathematics achievement on the 

unit tests, especially delayed posttests, did not significantly improve with their use. 

Handheld computer review games with the settings used in this study did not help these 

low-ability students to retain the information they were taught. The handheld 

mathematical review games need to be set lower to better meet the low-ability students’ 

needs. As previously noted, this is a variable I did not want to introduce into this study. 

Student Gender 

When looking at all the males versus all the females in this study, some 

generalizations can be made. The females scored higher on most of the tests than the 

males. When comparing the mean gain scores on the handheld review units and the mean 

gain scores on the teacher-led review units, both the males and the females had 

statistically significant differences on certain units. The males had an overall mean gain 

score on the handheld computer review units of 27.58 (SD = 11.69) and an overall mean 
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gain score on the teacher-led review units of 22.39 (SD = 16.32), which are not 

statistically significant results. The females’ overall mean gain score on the handheld 

computer review units was 27.30 (SD = 8.58) and the overall mean gain score on the 

teacher-led review units was 17.30 (SD = 14.11), t(28) = 3.92, p = .001. Female students 

using handheld computer mathematical games did retain more mathematical content on 

unit tests. I thought this was interesting because most studies found minor gender 

differences. Looking across multiple units at delayed gain scores, no statistically 

significant differences were discovered in this study. When separated by ability, some of 

the analyses produced significant results, as described below. 

Discussion About Male and Female High-Ability Students 

 High-ability males were not significantly different from high-ability females. The 

results from this study found that the seven male high-ability students and the eleven 

female high-ability students were very similar. High-ability males had higher delayed 

gain scores on two handheld computer review units (3 and 5) and two teacher-led review 

units (2 and 4). For the males, unit 5 was statistically significant. High-ability females 

had higher delayed gain scores on one handheld computer review unit (3) and two 

teacher-led review units (2 and 4) but the females only found unit 2 to be statistically 

significant.  

 More positive comments were recorded for high-ability male students with Math 

Ace, Divisible, GCF, and LCM. With Math Ace, which was the first game played on the 

Palms, most males thought it was “fun” or even “super fun” but one male was recorded 

as asking “can we make this harder?.” The males thought Divisible was fun and 
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GCF/LCM were easy. These game settings were too easy for the high-ability male 

students. More positive comments were recorded from the high-ability female students 

for Math Ace. Most of the females said they liked it or thought it was fun. The negative 

comments about Math Ace concerned the miscounting, a computer design mistake, with 

the exception of one female who said she “hated it” but on a different day she said she 

thought it was “easy.” 

 The high-ability male and female students did not like Power Play. They thought 

it was “not fun” or “hard.” The females made more negative comments about Divisible 

and GCF. Most females said Divisible was “hard” or “difficult” but on later days it was 

recorded that they felt Divisible was “fun.” It just seemed to take them a longer time to 

find it fun. The females felt GCF was a “brain fryer.” I noted that after the third day of 

playing GCF that males wanted to stick with it; whereas, the females wanted to socialize. 

Some of those females seemed to find it too difficult and some of those females were 

bored because they felt it was too repetitive and easy. 

 This study has similar findings to Inkpen et al. (1994) who found studies show 

girls have less positive attitudes towards technology, especially when it comes to video 

games. Van Eck (2006) believes this is due to their difference in experience with 

technology. My journal comments noted that the high-ability female students were less 

enthusiastic than the high ability male students especially on subsequent days for games. 

The novelty seemed to wear off faster with the high-ability females than the males. This 

study, with all the game settings set at the default, did not meet all the students’ needs.  



 

 100 

 The results for the high-ability males and females did not indicated handheld 

computer review games should be used with these students. There were not enough 

statistically significant differences on the gain mean scores or the delayed gain mean 

scores. The students may have enjoyed using the handheld computers but their 

mathematics achievement on the unit tests did not significantly improve with their use. I 

feel one major problem with the handheld computer review games used in this study was 

leaving them set where the programs defaulted. This is especially true with the high- 

ability students and was also seen in the results for the low-ability students. Most of the 

games, with the exception of Power Play, may have been too easy and not enough of a 

challenge. There is a fine line between having a game be an appropriate challenge versus 

being frustrating. Setting the games to match the students’ needs is a factor that should be 

researched further.  

Discussion About Male and Female Average-Ability Students 

Overall, average-ability males’ performance was not significantly different than 

average-ability females’ performance. Upon comparison of gain scores and delayed gain 

scores, the nine male average-ability students had statistically significant differences on 

one handheld computer review units (3) and one teacher-led review unit (2). The fifteen 

female average-ability students had statistically significant differences on two handheld 

computer review units (1 and 5) and one teacher-led review unit (2). Average-ability 

females may do better using handheld computer review games for concept retention. This 

was also shown by the results of the mean gain scores by all females on the handheld 
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computer review units and the teacher-led review units; the handheld computer review 

units’ mean gain score was statistically significant.  

More negative comments made by male average-ability students were recorded in 

the teacher’s journal. This is especially true of Math Ace, GCF, and LCM. The males felt 

Math Ace was boring or hard. Again, this must have been due to individual strengths and 

weaknesses on basic mathematical concepts. One male said about GCF that he “hates it” 

and “can’t do it” but by the third day he commented “he liked it,” so therefore he must 

have finally grasped the mathematical concept of greatest common factor. LCM was 

challenging, too hard, and they hated it. This surprised me because the students had been 

playing GCF for five days prior to playing LCM for three days. The average ability 

students were not able to easily flow from finding GCF to LCM, which involves 

multiplying. 

 Divisible and Power Play received an equal number of positive comments and 

negative comments. Divisible was “dumb” and “cool,” according to some average-ability 

males. This may be in part due to the game setting or in part due to the student grasping 

the mathematical concept of divisibility rules.  Power Play is “awesome,” “boring,” and 

“hard,” according to the teacher’s journal for the male average ability students. Many 

males found this challenging, whether they commented verbally on it or not. I witnessed 

the males more attentive to the games than the females, especially GCF/LCM. Most of 

the males wanted to beat their previous day’s score, if they were playing the same day. 

While we were putting away the handheld computers each day, more males boasted about 

how many problems they had completed.  
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More positive comments made by female average-ability students were recorded 

in the teacher’s journal than male positive comments. The females liked Math Ace and 

Divisible and disliked Power Play and LCM.  Most of the average-ability females thought 

Math Ace was fun or liked it which may be attributable to the novelty of the handheld 

computers or the accurate program setting for their skill level. Divisible was liked by 

more of the female students because they made comments like “cool” or “fun.” They may 

have begun to understand the divisibility rules and apply them to the game. Power Play 

was noted as being “hard” or “I hate this game.” As mentioned previously, most students 

found this game to be difficult, even with the easiest setting. Females thought LCM was 

“too hard” or they “hated it”; whereas, mixed comments were noted for GCF, such as, 

“awesome” and “not fun.” I also find that interesting because they had played GCF for 

five days prior to playing LCM.  

Results from the average-ability students were different between the males and 

the females. The females had better mean gain scores on the handheld review units than 

the males. The males had more negative comments about using the handheld computers, 

which is different than what the research stated. This may be due to the fact that this 

group of males was more vocal about the negative aspects of using handheld computers 

than females. I did not notice this group of females getting bored with the games as I had 

noticed with the high ability females. This study showed that average-ability female 

students using handheld computer mathematical games retain more mathematical content 

on unit tests; whereas, average-ability male students do not retain more mathematical 

content on unit tests.  
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Discussion About Male and Female Low-Ability Students 

The results from this study found that eight male low-ability students were able to 

retain information only on unit 2 (teacher-led review) because the only delayed gain 

score that was higher than the gain scores were on unit 2. The males did have statistically 

significant gain scores on units 4 and 6 (two teacher-led review units). The male low 

ability students outperformed the female low-ability students on unit 1 pretest, unit 2 

pretest, unit 3 pretest, unit 4 pretest, unit 6 pretest, all the posttests, and all the delayed 

posttests. Neither the males nor the females had statistically significant gain scores on the 

EAME tests. The four female low-ability students were unable to retain information 

because all of the delayed gain scores were lower than the gain scores. There were not 

any statistically significant differences for the female students on their gain scores. When 

comparing low-ability males and females, there were non-significant results. 

There were fewer notes written about comments from the low-ability students for 

a variety of reasons. The students were concentrating more and they needed more of the 

teacher’s help to complete the review games. Male low-ability students liked Math Ace 

and disliked Divisible, Power Play, and GCF. Math Ace was “easy”; whereas, the other 

games were “hard.” This is primarily due to the students’ mathematical ability on 

computation skills or the settings of the games. Also Divisible was harder for the low- 

ability students because they did not learn all the divisibility rules, making it harder to 

answer the questions on that game. Female low ability students liked Math Ace but 

disliked Divisible. One female thought Math Ace “makes you smart.” She was a student 

who liked to be challenged and thought that made you smarter. 
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For both male and female low-ability students, this study found that handheld 

computer reviews do not produce higher unit test scores on delayed posttests. Akiba 

(2002) found that CAI has a significantly positive effect on increasing the achievement of 

at-risk students. Akiba did a meta-analysis of many studies; my study only included 

twelve low ability students.  My study did not find that handheld computer review games 

helped them retain mathematical concepts. The games may have been too difficult but 

they did not retain their mathematical concepts on any unit so that leads one to believe 

that it is not the use of computer games that is a factor but the low-ability students 

themselves. More studies need to address low ability learners and the use of technology. 

Another factor which needs to be addressed is the number of low-ability students 

in this study. There were 12 low-ability students including eight males and four females. 

Together two handheld computer review units gain scores and two teacher-led review 

gain scores were statistically significantly higher. Separately the low-ability male 

students had statistically significant gain scores on two teacher-led review units and the 

low-ability female students produced non-significant results. The four lower-ability 

females pulled down the scores for the low ability group. 

Implications and Recommendations to Instructional Designers 

 Students seemed to want to race through the handheld computer mathematical 

games. In order to accomplish this, they appeared to like games which had a numerical 

keyboard embedded in the game. The students did not want to have to write the answer, 

using Grafiti, or go to the numerical keypad on the Palm. These took too much time. 

Therefore, instructional designers need to keep that in mind when creating games.  
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 A major concern of some students was the miscounting of the mistakes in Math 

Ace. Game designers need to make sure there is not a problem with the game program. 

This really frustrated some sixth graders who are very competitive and felt misjudged. A 

frustration for both the student and the teacher was that the Power Play game does not 

give the correct answer to a question. It just tells the player they were incorrect and their 

guess was too high or too low. This did not help to teach the students about their 

mistakes. They were just randomly guessing. 

Implications for Classroom Instruction and Recommendations 

What I learned while watching the students play these mathematical games: 

The games are fun and engaging (most of the games). The games only ask basic 

problems---drill and practice. They are not good review for more complex problems. 

 Some of the games were too difficult for the low ability students. It just seemed to 

frustrate them. Some of the games were too easy or boring for the high and average 

students. Teachers need to individualize the games more by changing the settings for 

particular students. The balance between being too easy for some students and too hard 

for some students is tricky when planning for all students. Ke (2008) also noted this 

problem. The handheld computer mathematical review games used in this study did have 

some settings that could have addressed that balance on an individual basis but, as 

mentioned earlier, I did not want to introduce that additional variable into this study. 

 When tailored to meet students’ needs, handheld computer review games should 

be used in education. This is especially true of average-ability students. Handheld 
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computers offer mobility that neither laptop nor other computers can provide. Students 

enjoy being interactive so this is a tool that teachers can use when it is appropriate. 

 Technology can be a great motivator if used properly. Halverson (2005) describes 

computers as providing compelling activities for motivating otherwise indifferent 

learners but finding the appropriate math software and using it effectively is another 

challenge (Kaput, 1992; Murray et al., 1999; Squire, 2005). Student motivation can also 

be tricky. Some students want more of a challenge; whereas, some students do not want 

to challenge themselves. The teacher needs to work on finding that balance with these 

games’ settings for each individual student. 

 Educators also need to remember the importance of using CAI appropriately. 

Three more recent studies show the importance of using CAI as a supplement (Dedeo, 

2001), not as a substitute for traditional instruction (Bayraktar, 2002; Christmann & 

Badgett, 2003). This study used the handheld computer mathematical games for constant 

daily review. They were not used in place of the normal classroom instruction.  

Teachers also need to look at which games are best suited for mathematical 

concepts. For the purpose of this study I alternated handheld computer review units and 

teacher-led review units. The games used were best suited for those particular units. 

These particular games, when set at appropriate challenging levels for the students, were 

useful tools in the classroom, particularly for average ability students. 

Implications for Research and Further Study 

This small study (N = 54) investigated the use of handheld computer 

mathematical review games in a regular education sixth grade mathematics classroom for 
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approximately four months. More specifically it addressed student ability and gender. It 

found that average-ability students and average-ability female students using handheld 

computer mathematical review games did retain more mathematical content on unit tests. 

More research needs to be conducted on this topic, looking specifically at student ability 

and gender.  

Researchers need to look at more students and more teachers. This study only had 

the resources for one set of handheld computers. If there were more handheld computers, 

more teachers and students could be included in the study. Additional studies could 

include control groups. A researcher needs to address the different settings on the 

handheld computer mathematical review games. The teacher should be able to meet the 

needs of the individual students by differentiating within the computer games. 

From the beginning of this study, the researcher’s purpose was to investigate 

whether using handheld computer review games would help students retain mathematical 

concepts and how students’ gender and ability level influence students’ retention of 

mathematical concepts. My goal was long-term retention of the concepts. 

Constant daily review has been proven to help with retention of mathematical 

concepts (Burns, 2005; Hazlett, 2001). The best way to provide this review is what needs 

to be researched. Technology is a great motivator but researchers need to address the 

effectiveness of handheld computer mathematical review games. This study looked at 

some specific drill and practice games but there are many games available for use. 

Teachers would like to know which games are most effective with student ability and 

student gender. More research is needed but this small study showed that that average 



 

 108 

ability students and average ability female students using handheld computer 

mathematical review games do retain more mathematical content on unit tests.   
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Chapter 1 pretest (cont.) 
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Chapter 1 posttest 
 
 



 

 112 

Chapter 1 posttest (cont.) 
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Chapter 1 delayed posttest 
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Chapter 1 delayed posttest (cont.) 
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Chapter 2 pretest (cont.) 
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Chapter 2 posttest 
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Chapter 2 posttest (cont.) 
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Chapter 2 delayed posttest 
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Chapter 2 delayed posttest (cont.) 
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Chapter 3 pretest 
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Chapter 3 pretest (cont.) 
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Chapter 3 posttest 
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Chapter 3 posttest (cont.) 
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Chapter 3 delayed posttest 
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Chapter 3 delayed posttest (cont.) 
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Chapter 4 pretest 
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Chapter 4 pretest (cont.) 
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Chapter 4 posttest 
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Chapter 4 posttest (cont.) 
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Chapter 4 delayed posttest 
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Chapter 4 delayed posttest (cont.) 
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Chapter 5 pretest 
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Chapter 5 pretest (cont.) 
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Chapter 5 posttest 
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Chapter 5 posttest (cont.) 
 
 



 

 137 

Chapter 5 delayed posttest 
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Chapter 5 delayed posttest (cont.) 
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Chapter 6 pretest 
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Chapter 6 pretest (cont.) 
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Chapter 6 posttest 
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Chapter 6 posttest (cont.) 
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Chapter 6 delayed posttest 
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Chapter 6 delayed posttest (cont.) 
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