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Abstract
Standardized tests have become commonly used tools for accountability in public education 
in the United States. In Florida, the Florida Comprehensive Assessment Test (FCAT) is 
used to measure student achievement on grade-specific standards and benchmarks. Various 
agencies have developed computer-based and web-based software applications to improve 
student performance on these tests. The purpose of this study was to examine the impact of 
one such application, FCAT Explorer, on student FCAT scores. We used hierarchical analysis 
of variance and analysis of covariance to compare scores for schools that used FCAT Explorer, 
and schools that did not. We examined fourth, fifth, eighth, and tenth grade FCAT reading 
and mathematics scores for selected elementary schools and high schools. Student scores from 
elementary schools using FCAT Explorer were significantly higher than scores from elementary 
schools that did not use FCAT Explorer. At the high school level, we found no significant 
differences in scores between schools that used FCAT Explorer and schools that did not use 
the application. (Keywords: high-stakes standardized testing, accountability, computer-based 
instruction, online instruction, software evaluation.)

INTRODUCTION
One critical and controversial issue in American public education today is 

the use of high-stakes testing as a tool for accountability in schools. Although 
previous research has uncovered both positive and negative consequences of 
high-stakes testing (McColskey, 2000) and controversy over these tests contin-
ues (AERA, 2000), nearly all states are operating standardized testing programs. 
Many of these programs are attached to systems of rewards and punishment 
(Amrein & Berliner, 2002; O’Neil, 1992).

In the early 1970s, the Florida Commission on Education Reform and Ac-
countability was formed. This commission recommended procedures for assess-
ing student learning, with the goal of raising educational expectations. This goal 
was set in place to address the demand for a well-educated workforce in a state 
experiencing rapid growth in population and in commerce. The State Board of 
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Education adopted the commission’s recommendations, and the Florida Legis-
lature mandated statewide assessment of students in Grades 3, 5, 8, and 11 (see 
Florida Department of Education, 2005).

During the 1990s the recommendations became known as the Comprehen-
sive Assessment Design and were expanded so that students would be tested in 
reading, writing, mathematics, and creative and critical thinking. The Com-
mission also requested that educational content standards be developed and 
adopted. This prompted the Florida State Board of Education to develop the 
Sunshine State Standards, which codified what students should know and be 
able to do at each grade level. These standards were subdivided into what were 
called benchmarks. The Florida Comprehensive Assessment Test (FCAT) was 
designed to meet the requirements of the Comprehensive Assessment Design, 
and was aligned with the Sunshine State Standards. The FCAT has two basic 
components: a criterion-referenced test, which measures reading, writing, sci-
ence, and mathematics; and a norm-referenced test, which measures students’ 
performance against national norms.

In 1999, the Florida Legislature mandated that schools be assigned an annual 
performance grade, ranging from a high of A (making excellent progress) to a 
low of F (failing to make adequate progress). As of 2005, each school’s perfor-
mance grade is based on student FCAT scores and other factors including atten-
dance, dropout rate, school discipline data, cohort graduation rate, and student 
readiness for college. Schools that receive either a grade of A or improve by at 
least two letter grade categories are rewarded with greater autonomy, including 
authority over the school’s budget (Florida Statutes Ch. 99.398). Such schools 
are also eligible for the Florida School Recognition Program—a program of 
financial awards that are disbursed at the discretion of the school’s staff and an 
advisory council.

Schools designated as performance grade category D or F are eligible to re-
ceive assistance and intervention toward improving performance (Florida Stat-
utes Ch. 99.398). However, the state has been given authority to take action 
if a particular school does not improve. Students in any school that receives a 
grade of F for two consecutive years are eligible for a state voucher (opportunity 
grant), which allows the students to attend a higher-performing school in the 
same district, a higher-performing school in an adjoining district, or a private 
school. This program has been noted as one of the most aggressive test-based ac-
countability measures in the nation.

COMPUTER-BASED AND ONLINE INSTRUCTION
One reaction to state high-stakes standardized testing has been to develop 

computer-based and Web-based software applications that prepare students for 
tests such as the FCAT. When used appropriately, computers, educational soft-
ware, and Web resources can contribute in a variety of ways to effective learning 
environments (Herrington & Oliver, 1999; Martindale, Cates, & Qian, 2005; 
Snider, 1992). Within the classroom, instructional software use ranges from 
drill-and-practice for remediation to entire curricula and instructional processes. 
The development of multimedia and Web-based instruction may provide an op-



Journal of Research on Technology in Education 351

portunity to communicate with wide and diverse audiences, including students, 
teachers, administrators, and parents. A number of design and research efforts 
have been undertaken to develop computer- and Web-based instructional and 
practice materials focused on high-stakes testing (McDonald & Hannafin, 
2003; Wright, Barron, & Kromrey, 1999). For an example, go to http://devbox.
mediavue.net/fcat3/.

Well-designed instructional software can provide learning opportunities for 
students both at school and at home. Students who use appropriate tutori-
als, especially when completing homework assignments, have higher achieve-
ment than those who use traditional methods (Sasser, 1991). McDonald and 
Hannafin (2003) found that use of Web-based computer games designed for 
high-stakes test preparation promoted higher-order learning outcomes. These 
outcomes included increased meaningful dialogue among students and the 
identification of student misconceptions. Although these outcomes contributed 
to deeper understanding, no significant differences were found on test scores 
between those students who used the computer games and those who did not. 
Still, considerable research supports the hypothesis that online learning envi-
ronments have a positive effect on learning outcomes (Goldenberg & Cuoco, 
1996; Russell, 1997; Sanders, 2001; Schifter, 1997); can accommodate a variety 
of learning styles (Hawkins, 1993; Schank, 1993); can support higher-order 
learning, (Paolucci, 1998; Schank, 1993), especially in mathematics (Nicaise, 
1997); and can teach problem-solving skills to those who struggle with learning 
difficulties (Babbitt & Miller, 1996).

Much research in cognition has concentrated on learner traits and learner 
control in online environments, and factors such as instructor style and amount 
of instruction available (Freitag & Sullivan, 1995; Hannafin & Scott, 1998; 
Hannafin & Sullivan, 1996). Perhaps one of the most important features of 
emerging technology is the capability for interactivity and opportunity for feed-
back. There is much research on the varied amounts of support (Hannafin & 
Scott, 1998), interactivity, feedback, pacing, and individualization (Hawkins, 
1993), which may significantly improve achievement (Naime-Diefenbach & 
Sullivan, 2001). Feedback is particularly important for enhancing achievement, 
especially in terms of immediacy, amount of information provided, and the 
type of task involved (Khine, 1996; Kulhavy & Wager, 1993). Feedback and 
interactivity also influence learner motivation in online environments (Bolliger 
& Martindale, 2004; Hawkes & Dennis, 2003).

The potential benefits of learning technologies do not guarantee they will 
be used. Computer-based study materials to prepare students for tests like the 
FCAT can be prohibitively expensive, and difficult to manage (Fahy, 2000). 
Teachers may not have the time or expertise to determine which software or 
web-based application is appropriate and compatible, and wrong choices are 
lamentable in a climate of strained educational budgets (Kim & Sharp, 2000).

FCAT EXPLORER
FCAT Explorer (http://www.fcatexplorer.com), produced by Infinity Soft-

ware, Inc. and provided by the Florida Department of Education to Florida 
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public schools at no charge to the schools, was designed as an FCAT practice 
resource that is interactive, benchmark based, and accessible from any Internet-
connected computer. Infinity won a competitive bid to produce this software to 
the Florida Department of Education’s specifications. FCAT Explorer includes 
educator resources and a parent and family guide for third, fourth, sixth, eighth, 
and tenth grade reading and fifth, eighth, and tenth grade mathematics. FCAT 
Explorer was designed to align with the Sunshine State Standards, and provides 
practice items in a variety of formats that are linked to and reinforce each of the 
grade-level benchmarks. The application was developed in cooperation with a 
variety of expert teachers and testing specialists, with a foundation in the prin-
ciples of instructional design and cognitive learning theory (e.g., Dick, Carey, 
& Carey, 2004). The design of FCAT Explorer reflects consideration of learner 
motivation by incorporating elements of Keller’s ARCS model (Keller, 1987; 
Naime-Diefenbach, 1991). 

PURPOSE OF THE STUDY
Prior examinations of FCAT Explorer and its impact on FCAT standardized 

test scores have been limited. One prior study examined the effects of FCAT 
Explorer on fifth, eighth, and tenth grade 2002 mathematics FCAT scores and 
found significant differences for all grade levels when comparing students who 
did and did not use the program (Sullivan & Naime-Diefenbach, 2002). Some 
design constraints were present, however: although data were aggregated at 
the school level, no control group was used to rule out maturation and other 
threats to internal validity, and only mathematics scores were examined. Be-
cause students’ instruction through educational software should positively affect 
comprehension of standard curricula, this should be reflected in FCAT scores or 
other outcome measures (Naime-Diefenbach & Sullivan, 2001). The purpose of 
the current study was to determine if students who used FCAT Explorer scored 
higher on the FCAT reading and mathematics tests than those who did not 
use the software. We analyzed use of FCAT Explorer on 2001 and 2002 FCAT 
scores using a quasi-experimental design described in the following section.

METHODS
Sample

Twenty-four schools were identified for participation in the study. The ex-
perimental group was composed of twelve schools—three schools each at four 
grade levels (Grade 4 for reading and 5, 8, and 10 for mathematics). Infinity 
Software, Inc. provided the researchers with usage-level data for all Florida 
schools who used FCAT Explorer. The 12 schools with the highest program use 
in the respective grades were then selected for this research and 12 schools in 
the same district or very nearby that did not use the program at all became the 
control group—three schools each at the same four grade levels. Each experi-
mental school was selected based on its high percentage of student use of FCAT 
Explorer. A control school was matched to each experimental school by virtue 
of similar characteristics (e.g., same district, school size, and performance grade 
assigned by the state). Based on data from Infinity Software Inc., only students 
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who had used FCAT Explorer were included in the experimental school data 
set. The total sample generated for the four grade levels was as follows: fourth (n 
= 586), fifth (n = 491), eighth (n = 1,379), and tenth (n = 1,505).

Procedure and Data Analysis
In both the experimental and the control group, three schools were nested 

under each condition (grade level). FCAT reading and mathematics scores were 
obtained from the Florida Department of Education database for the school 
years ending in 2001 and 2002. Because the focus of FCAT Explorer was on 
fourth grade reading and fifth, eighth, and tenth grade mathematics, these 
corresponding FCAT scores were used. Infinity Software provided data on stu-
dent usage of FCAT Explorer (i.e., used versus not used) and number of items 
completed. These student data were matched to the FDOE database of student 
FCAT scores. This ensured that all students in the experimental group used 
FCAT Explorer, and all students in the control group did not use the applica-
tion. Only students who had complete data for both school years were included 
in the analyses.

For each grade level, a hierarchical analysis of variance was conducted using 
FCAT scores as a repeated measure from 2001 to 2002 to control for matura-
tion and initial group differences. Follow-up analyses (ANCOVA) ignored the 
grouping variables to more closely examine the strength of the treatment by ex-
amining the scores strictly by program usage or non-usage. In determining the 
strength of the treatment, all effect sizes were determined using Cohen’s f.

RESULTS
For fourth grade reading, the main effect of the treatment (Explorer use ver-

sus Explorer non-use) was statistically significant (F = 10.35, p < .01, f = .13), 
and there was a statistically significant difference between the individual schools 
within the treatment (F = 9.68, p < .01, f = .28). Examination of the time effect 
(2001 to 2002 FCAT scores), the “Explorer use by time” interaction, and the 
“school within Explorer use by time” interaction revealed no statistically signifi-
cant differences on reading scores. Table 1 reveals that regardless of school year, 
for fourth grade, the Explorer-use adjusted means were higher than the non-use 
means, although the effect sizes reported were moderate at best. Examination of 
the adjusted means over time, particularly within the Explorer-use, gives insight 
into the non-significant time effect, as the gain was minimal.

For fifth grade mathematics, the main effect of the treatment (use versus 
non-use) was statistically significant (F = 4.46, p < .04, f = .09), and there was 
a statistically significant difference between the individual schools within the 
treatment (F = 20.60, p < .01, f = .46). The time effect was also statistically sig-
nificant (F = 175.23, p < .01, f = .60), as was the “school within Explorer use 
by time” interaction (F = 13.11, p < .01, f = .37), but not the “Explorer use by 
time” interaction. For fifth grade, again the Explorer-use adjusted means were 
higher than the non-use means with a moderate effect size at best. Both the 
Explorer-users and non-users made statistically significant gains in FCAT math 
scores, as indicated by the strong effect size for time.



354 Summer 2005: Volume 37 Number 4

For eighth grade mathematics, the main effect of the treatment (use versus 
non-use) was not statistically significant; however, there was a statistically sig-
nificant difference between the individual schools within the treatment (F = 
35.88, p < .01, f = .36). The examination of the time effect, the “Explorer use 
by time” interaction, and the “school within Explorer use by time” interac-
tion revealed statistically significant differences across all “within” analyses (F 
= 176.62, p < .01, f = .36; F = 4.31, p < .04, f = .06; F = 7.21, p < .01, f = .16; 
respectively). For eighth grade, both Explorer-users and non-users made statisti-
cally significant gains in FCAT math scores, as indicated by the moderate effect 
size for time. But interestingly, after adjusting for initial group differences, the 
Explorer-users scored lower than the non-users in 2002.

For tenth grade mathematics, the main effect of the treatment (use versus 
non-use) was not statistically significant; however, there was a statistically sig-
nificant difference between the individual schools within the Explorer groups 
(F = 4.85, p < .01, f = .13). The examination of the time effect was statistically 

Table 1. Means, Adjusted Means, and Standard Deviations of Fourth, Fifth, 
Eighth, and Tenth Grade FCAT Reading and Mathematics Score 

By Explorer and School within Explorer

    Time      
  FCAT 01  FCAT 02    
    Adjusted    Adjusted
Grade n Mean SD Mean  Mean SD  Mean 
Fourth Grade       
Explorer Use        
   School 1     3 329.33   9.23   306.00 13.08 
   School 2 115 326.41 46.49   342.47 38.49 
   School 3 164 297.60 48.79   308.80 45.67 
 Total 282 309.69 49.62 317.79  322.50 45.69 319.09 
Explorer Non-Use        
   School 1   14 258.07 66.04   263.71 74.26 
   School 2 142 293.62 63.10   309.82 50.78 
   School 3 148 280.95 59.42   290.79 66.93 
 Total 304 285.81 61.88 277.55  298.43 61.27 288.11
Fifth Grade       
Explorer Use        
   School 1 124 258.65 65.15   314.02 48.44 
   School 2 160 304.78 51.05   329.18 39.99 
   School 3 153 290.01 57.22   330.14 51.74 
 Total 437 286.52 60.31 284.48  325.21 47.20 324.44 
Explorer Non-Use        
   School 1   22 203.23 77.36   239.45 79.80 
   School 2    26 305.19 55.75   350.96 42.97 
   School 3     6 284.50 60.72   332.33 33.77 
 Total   54 261.35 81.19 264.31  303.46 80.02 307.58 
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significant (F = 271.10, p < .01, f = .42), but not the “Explorer use by time” 
interaction and the “school within Explorer use by time” interaction. For tenth 
grade, both the Explorer-users and non-users made statistically significant gains 
in FCAT math scores, as indicated by the moderate effect size for time. After 
adjusting for initial group differences, the Explorer-users did not score signifi-
cantly higher than the non-users.

We conducted additional follow-up analyses of the FCAT scores using 
analysis of covariance, collapsing across the schools and groups to more closely 
examine the strength of the treatment (use versus non-use of FCAT Explorer). 
Using the 2001 FCAT scores as the covariate, significant group differences were 
found in the fourth grade reading scores (F = 4.77, p < .03, f = .07), and the 
Explorer-users scored five points higher than the non-users, although the ef-
fect size was weak (Table 2). For the Explorer-users, the mean number of items 
attempted was 25 with a range of 1 to 201. For fifth grade, significant group 
differences were found in the mathematics scores (F = 12.76, p < .01, f = .11), 
with the Explorer-users scoring 12 points higher than the non-users. For the 
Explorer-users, the mean number of items attempted was 162 with a range of 1 

Table 1, continued

      Time     
  FCAT 01  FCAT 02    
    Adjusted    Adjusted
Grade n Mean SD Mean  Mean SD  Mean 
Eighth Grade        
Explorer Use        
   School 1 195 307.47 60.06   317.34 50.09 
   School 2 262 316.47 59.91   328.39 42.05 
   School 3 144 310.86 49.26   319.15 42.89 
 Total 601 312.21 57.64 311.60  322.59 45.22 321.63 
Explorer Non-Use        
   School 1 173 295.24 55.71   308.95 48.93 
   School 2  278 296.50 56.77   317.06 49.36 
   School 3 327 342.43 50.44   349.36 39.56 
 Total 778 315.53 58.56 311.39  328.83 48.68 325.13
Tenth Grade        
Explorer Use        
   School 1   22 324.73 30.68   348.23 25.31 
   School 2 180 306.87 58.99   324.64 46.47 
   School 3 329 311.94 51.20   333.14 36.84 
 Total 531 310.75 53.38 314.51  330.89 40.29 335.34 
Explorer Non-Use        
   School 1   94 311.95 47.68   333.32 37.30 
   School 2  442 306.20 51.33   324.71 39.92 
   School 3 438 317.71 50.03   334.53 34.82 
 Total 974 311.93 50.66 311.95  329.96 37.72 330.86 
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to 987. For the eighth graders, significant group differences were not found in 
the mathematics scores, as evidenced by the negligible difference in means. For 
the Explorer-users, the mean number of items attempted was 59 with a range of 
1 to 393. For tenth graders, significant group differences were not found in the 
mathematics scores and there was only a two-point difference in the means. For 
the Explorer-users, the mean number of items attempted was 27 with a range of 
2 to 345.

DISCUSSION
Examination of the findings related to fourth grade reading and fifth grade 

mathematics revealed that students who used FCAT Explorer had significantly 
higher FCAT scores compared to students who did not use the program when 
controlling for previous scores and individual differences between schools. Ad-
ditionally, when students were examined solely on usage or non-usage, FCAT 
Explorer users had significantly higher reading scores (fourth grade) than non-
users, and significantly higher mathematics scores (fifth grade) than non-users. 
Although there were significant differences between those who used FCAT 
Explorer and those who did not, the treatment effect was still somewhat weak 
based on the effect sizes observed.

For eighth and tenth grade mathematics, the findings were different than that 
for fourth and fifth grade. We found no significant differences between the Ex-
plorer-users and non-users when controlling for previous scores and individual 
difference between schools. We did find a time effect, in that both users and non-
users recorded increased FCAT scores from 2001 to 2002. The effect sizes (of the 
time effect) were fairly large (f = .36 and .42 for eighth and tenth, respectively). 
Counter-intuitively, the FCAT score increase was larger (but not of statistical or 
practical significance) for the eighth grade non-users than for Explorer users.

Table 2. Means and Standard Deviations of Fourth, Fifth, Eighth, and 
Tenth Grade FCAT Reading and Mathematics Scores by Usage

   Usage of FCAT Explorer
 Used    Not Used    
    Adjusted    Adjusted
Grade n Mean SD Mean n Mean SD Mean 
Fourth Grade         
Reading 01 348 306.14 48.89  507 289.82 63.46 
Reading 02 381 314.96 48.74 309.72 542 296.26 63.55 304.17
Fifth Grade         
Math 01 786 284.99 57.46    90 259.50 76.20 
Math 02 861 323.13 47.16 323.33 109 291.61 77.40 311.05
Eighth Grade         
Math 01 675 312.21 56.72  1194 308.36 65.65 
Math 02 724 322.23 46.31 321.91 1370 318.98 55.76 322.51
Tenth Grade         
Math 01 641 306.23 53.20  1626 307.90 53.49 
Math 02 683 326.82 39.93 329.42 1816 324.42 43.07 327.92 
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When examining the overall picture provided by these different analyses, 
evidence exists that the FCAT Explorer program is effective in the elementary 
grades and more effective for elementary rather than secondary students. It is 
important to note that effect sizes ranged from negligible to weak at best when 
examining usage of the program. The effect sizes were stronger when controlling 
for prior scores and individual differences between schools, particularly when 
examining time effects.

The low strength of the treatment is a limitation of this study, and we recom-
mend further investigation of FCAT Explorer if it does become more fully inte-
grated as a learning tool in the school districts across Florida. Mean usage levels 
of the application by students varied widely between elementary and secondary 
grade levels. There were also very wide ranges of usage levels within grades, 
especially for fifth grade, where the number of items attempted ranged from 
1 to 987. The number of items attempted could explain part of the group dif-
ferences that were found. A few students attempting a large number of FCAT 
Explorer items could explain a portion of the effects observed at the lower grade 
levels. What is not measured in this study is the quality of instructional time for 
students using FCAT Explorer, and all that is known about individuals is the 
range of frequency of “logging on” to the program. Concentrated time on task 
with encouragement from the teacher is undoubtedly important, along with the 
quantity of practice items a student completed within the application.

At the upper grade levels, one possible explanation for the lack of effects may 
be that high school teachers may not perceive the need for the program or have 
the time to implement it. It may be that elementary teachers perceive more 
pressure to prepare students to face the multiple rounds of FCAT testing in 
the years to come, and will use all available resources for test preparation. Con-
versely, high school teachers may perceive that program use at such late grades 
will have little effect on FCAT performance for students who already have a 
documented pattern of certain performances on standardized tests. Future re-
search should examine teachers’ use of the application, teacher perceived value 
of FCAT Explorer, and instructional time allotted for students to use the appli-
cation during the regular school day.

CONCLUSION
The FCAT Explorer results presented here are promising, particularly for the 

elementary grades. The program appears to be usable by both teachers and stu-
dents, and is aligned to the Sunshine State Standards. The cost of purchasing 
and supporting applications such as FCAT Explorer is a critical issue, and the 
state of Florida has much invested already in this particular program. The state 
should continue to critically evaluate such programs, and strongly encourage 
vendors to employ interoperability and open standards for the sharing of pro-
gram services and data with other applications.
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