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The Effects of Computer-Based Learning Activities and
School Contextual Factors on Student Math Achievement

Ahlam Lee*
Arkansas State University

This study investigated the extent to which computer-based learning
activities and selected school contextual factors affect student math
achievement in high school, using the Educational Longitudinal Study
of 2002. In spite of a growing interest in the effect of computer-based
learning activities on math performance, few large-scale studies have
examined this topic. Given the evidence that computer-based learning
activities can be promoted through school principals to a large extent,
this study selected principal leadership as a school contextual factor.
Additionally, school policy on math course requirements was selected
as the other school contextual factor. Multilevel modeling analyses
revealed that (a) computer-based learning activities had significant and
positive effects on student math achievement and (b) principal
leadership played an influential role in improving student math
achievement. The results suggest that school principals should support
incorporating computer-based learning activities into the math
curriculum.

INTRODUCTION

Identifying factors that affect student academic achievement, particularly in the
area of math achievement, has been a long-standing issue in educational research. Based on
a wide consensus that mathematics skills are increasingly necessary for the 21
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Century workforce (Fox, 2003; Vincent, 2005), strategies to improve math achievement
now focus more attention to diverse stakeholders than ever before. Owing to research
efforts, several learning and demographic factors, including taking advanced math courses
and social economic status (SES), have been discovered as strong predictors that affect
student math performance. However, there could be other potential factors that impact
student math performance that have not been solidified in the literature. Among the
potential factors, growing interest concerns the effects of computer-based learning activities
on math performance. While computer technology has been incorporated into classroom
since the 1990s (Barron, Kemker, Harmes, & Kalaydjian, 2003), few large-scale studies
have examined the effects of computer-based learning activities on math performance.

In addition to the computer-based learning activities, as a school contextual factor,
this study selected principal leadership because of evidence that, to incorporate computer
technology into math curriculum, the support of school principal is essential (Means, 2010).
As another school level factor, this study chose school policy on math course requirements
because of its lack of research as a potential factor of academic success. To address these
issues, this study asks the following two research questions.

RESEARCH QUESTIONS

The following two research questions guided this study: a) what is the extent to
which computer-based learning activities affect student math performance? And b) how do
school principal leadership and school policy on math course requirements affect student
math performance? The results would provide insight into creating an effective math
learning environment and suggest ways in which school principals can support math
curriculum design to improve student math performance.

LITERATURE REVIEW

Since the 1990s, computers have become a necessary tool that we use in our daily
lives (Fox, 2003); further, there has been steady and continuous investment in adopting
computer technology into K-12 classrooms (Barron et al., 2003; Ruthven & Hennessy,
2002). Accordingly, the ratio of students per computer has been dropped from an average of
10.1:1 in 1995 to 5.4:1 in 2000 (Quality Education Data, 2001). Moreover, a recent report
by the U.S. Census Bureau (2011) indicated that the ratio has dropped further to 4:1 as of
the 2005-2006 school year. However, for each student to fully participate in computer-based
learning activities, the ratio should be 1:1 (Norris & Soloway, 2003).

To achieve one computer for every student in a classroom, there should be more
active support at the national, state, and school levels. Implementing a sound computing
infrastructure in the K-12 classroom is necessary because students should be used to using



60 LEE

computer technology skills to prepare for the 21% Century workforce (Katehi, Pearson, &
Feder, 2009). In fact, from 2010 to 2020, employment of all computer occupations is
projected to increase by 22% (U.S. Bureau of Labor Statistics, 2012).

In addition to the importance of computer technology skills, there has been
growing interests in investigating effects of computer-based learning activities on student
academic achievement, particularly in the area of math achievement. A recent meta-
analysis of 46 studies on 36,793 learners revealed a significantly positive relationship
between computer technology and math performance (Li & Ma, 2010).

However, some studies have showed no significant differences in student math
achievement between those who participated in computer-based learning activities and their
counterparts. For example, Ke’s (2008a) study showed no significant difference between an
educational computer game and traditional paper- and pencil drills in math performance of
487 fifth grade students. Ke’s (2008b) another study also found no significant effects of
computer game on math performance of 15 fourth and fifth grade students. Other large-
scale studies (Cabalo, Jaciw, & Vu, 2007; Campuzano, Dynarski, Agodini, & Rall, 2009;
Shney-derman, 2001; Smith, 2001) that included 1,723 high school students in 27 schools
across 7 districts found no significant effects of an educational computer technology
(Carnegie Learning Curricula and Cognitive Tutor® software (CLC & CT®S)* on math
performance (Institute of Education Sciences, 2010).

These inconsistent findings suggest the need for more research to explore how
computer technology influences math achievement. Such studies should use robust
scientific methods to inform the effect of educational technology on math performance to
diverse stakeholders including policy-makers and educators and to contribute to
documenting the study results in the literature.

In addition to these mixed results on the effects of educational computer
technology on math performance, in practice, K-12 public school systems still have barriers
to fully incorporate technology into the curriculum because a) a significant amount of cost
required to reduce the ratio of computer and student into 1:1; and b) the resistance of public
school systems to adopt technology-based learning activities. The later is fueled by the
reality that teachers would need to spend more time to become familiar with technology-
based instruction by participating in professional development and tailoring computer-based
learning to each student’s need (Collins & Halverson, 2009).

*“The combination of the Carnegie Learning Curricula and Cognitive Tutor® Software merges
algebra textbooks with interactive software developed around an artificial intelligence model that
identifies strengths and weaknesses in an individual student’s mastery of mathematical concepts. The
software customizes prompts to focus on areas in which the student is struggling and routes the student
to problems that address those specific concepts” (http://carnegielearning.com/secondary-curricula/,
downloaded April 2010).
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To overcome these barriers, support by school principals is necessary (Means,
2010). School principals are expected to build partnerships with stakeholders including
school policy-makers and those in the private sector who can provide funding sources to
fully incorporate computer technology into the K-12 public school systems. Furthermore,
school principals play an influential role in encouraging teachers to adopt
computer-based instruction. Based on the important roles of school principals, this study
chose principal leadership as a school contextual factor.

Additionally, this study selected school policy on math course requirements as a
school level factor for analysis. This consideration was based on the assumption that
rigorous math course requirements can be helpful to improve student math performance.
Another reason why school policy on math course requirements was selected is because of
the lack of research on the effects of the school policy on math course requirements on
student math performance. In an alignment with the literature review, the next section
discusses the conceptual framework of the study.

CONCEPTUAL FRAMEWORK

Conceptually framed by the pedagogical structure suggested in a seminal text,
“How People Learn: Brain, Mind, Experience, and School”” (Bransford, Brown, & Cocking,
1999), computer-based learning activities were selected in the study as a math learning
activity. The pedagogical structure used indicates that people learn based on a combination
of diverse learning activities rather than a sole activity. Among the learning activities
suggested by Bransford and colleagues (1999), technology-based learning activities, which
are less well documented in the literature compared to other traditional learning activities
(e.g., individual and lecture-based), was selected for the present study.

Based on the rationale that improving classroom technology infrastructure is
substantially determined by school principal’ leadership (Means, 2010), this study chose
principal leadership as a school level factor. With no doubt, successful principal leadership
largely contributes to improving student learning (Leithwood & Jantzi, 2008). However,
identifying the essentials of quality leadership to improve student learning outcomes needs
further exploration. Specifically, little is known about the effect of distributed leadership on
student learning outcomes (Leithwood, Louis, Anderson, & Washlstrom, 2004).

In view of this gap in the literature and with an aim to shed light on the essentials
of distributed leadership as a school contextual factor, this study investigated the effects of
distributed leadership on student math performance. The principal leadership variable,
which mirrored “distributed leadership,” consisted of the six sub-variables that represented
partnership with community and parents and shared decision-making for the purpose of
enhancing student academic achievement and school climate. The details of the six sub-
variables were to be addressed in the methods section.
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The principal leadership variable that contains these six sub-variables can reflect
“distributed leadership,” which is based on the idea that distributed leadership is sustained
with the active involvement of multiple leaders tailored to different situations, routines, and
subject areas (Camburn, Rowan, & Taylor, 2003; Copland, 2003; Spillane, Halverson, &
Diamond, 2004). In addition to principal leadership, school policy on math course
requirements was included as a school contextual factor, with the assumption that rigorous
math course requirements help students improve math achievement.

As control variables, this study included gender and SES. In the proposed
multilevel model for the study, gender effect needed to be controlled because of the long-
standing problem of a gender gap in math performance, which significantly affects student
math performance.

Additionally, student SES is a well known demographic factor that strongly
impact student academic achievement in mathematics. Moreover, school level SES drives
the level of availability of computer technology facilities. Students in lower SES
communities have much less support or opportunity to access computer technology than do
students in higher SES communities (Cummins, Brown, & Sayers, 2007). Accordingly, this
study controlled both student and school level SES to investigate the effects of computer
technology on student academic performance. Significant and positive effects of computer-
based learning activities on student math performance would recommend that diverse
stakeholders, including school principals, should make efforts to improve the computer
technology infrastructure in economically disadvantaged communities.

METHODS

To answer the two research questions of the study, multilevel modeling was an
appropriate statistical method based on the nested structure of the Educational Longitudinal
Study of 2002 (ELS 2002). The ELS 2002 has a data structure that shows students are
nested within schools. Additionally, the ELS 2002 was designed to access 10" grade student
academic and psychosocial processes and outcomes longitudinally over three time points
(2002, 2004, and 2006; see the detailed description of the ELS 2002 at
http://nces.ed.gov/surveys/els2002/). Tailoring the nested structure in the dataset, this study
examined both within and between school-level factors that affect student math
performance using software R (Bates, 2011). In fact, as shown in Table 4, Intraclass
correlation (ICC) showed that there was 19.6% variance in student math performance
between schools. Based on the proportion of variance explained by the grouping structure
(19.6%), conducting a multilevel analysis is highly recommended to estimate the unbiased
parameters and standard errors. The following section provides a description of the selected
variables and sample participants extracted from the ELS 2002.
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Variables

The major independent variables that this study focused on examining were a)
computer-based learning activities within school level and b) principal leadership and
school policy on math course requirements between school levels. The other independent
variables were the control variables in the proposed multilevel model that were selected to
examine the relative effects of the major independent variables. The control variables
included a) within school level, gender, student SES, and students’ previous math
performance and b) between school level, school level SES. The dependent variable was
student math performance collected in the first follow up study in 2004. The following
sections explain the selected independent and dependent variables from the ELS 2002 in
more detail.

Computer-based Learning Activities

The computer-based learning activities in the study were represented by two
variables extracted from the ELS 2002. The first variable, labeled “BYS45B” in the ELS
2002, addressed: “How often do you use computers for school work?” The second variable,
labeled “BYS45C” in the ELS 2002, asked students: “How often do you use computers for
own learning?” These two items were rated on a 5-point Likert scale and anchored with 1 =
never, 2 = rarely, 3 = less than once a week, 4 = once or twice a week, and 5 = everyday or
almost every day.

Principal Leadership

The principal leadership variable was created by compiling the following six sub-
variables from the ELS 2002: a) Principal evaluated on the performance of their students’
standardized test scores; b) Principal evaluated on a good disciplinary environment in the
school; c) Principal evaluated on efficient administration; d) Principal evaluated on parent
involvement; e) Principal evaluated on relationship with community; and f) Principal
evaluated on implementation of new programs or reform efforts, such as shared decision-
making. The composite value of these six sub-variables delineated the distributed leadership
of school principals because it characterized principals’ active involvement in shared
leadership by making an effort to build efficient partnerships with parents and community
to improve student academic performance.

School administrators (excluding school principals) responded to these six sub-
variables using a 3-point Likert point (1 = No Influence; 2 = Minor Influence; 3 = Great
Deal of Influence). The composition of these six sub-variables yielded a Cronbach’s alpha
reliability estimate of 0.67, which is considered a marginally acceptable level.
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School Policy on Math Course Requirements

In addition to the principal leadership variable, school policy on math course
requirements was selected and defined as the number of math courses required to graduate
from high school. This information was collected by school administrators, which was
measured on a 4-point Likert scale (4 = 4 Years; 5 =15 Years; 6 = 6 Years; 7 = 7 Years).

Gender

Gender was a within school level control variable. Among a total of 2,925
students, female students composed of approximately 49% (1,439). This variable was
labeled “BYSEX” in the ELS 2002. In the variable, female students were coded as 1.

Student SES

Student SES was another within school level control variable and was labeled as
“BYSES1QU” in the ELS 2002. This variable was classified into the four SES level as
follows: a) Lowest quartile SES (coded as 1); b) Second quartile SES (coded as 2); ¢) Third
quartile SES (coded as 3); and d) Highest quartile SES (coded as 4). The SES variable was
developed based on parents’ (or guardian) income level, parents’ (or guardian) education
level, and parents’ (or guardian) occupation.

Student Previous Math Performance

Student previous math performance, which was selected as the other control
variable, was measured by the base year math IRT (Item Response Theory) scores and
named “FITXMBIR” in the ELS 2002. This variable was referred as the number of math
items in the math item pool that students gave the right answers for the base year ELS 2002.

School Level SES

School level SES, which was a school level control variable, was developed based
on the aggregated value of student level SES by each school. School level SES ranged from
a minimum of 1 to a maximum of 4, which has the same description of the student SES.

Student Math Performance

The dependent variable, student math performance was measured using the first
follow-up math IRT scores. This variable, named “FITXMBIR,” was collected in the first
follow up year (2004) of the ELS 2002.
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Participants

A total of 2,925 students in 316 schools were extracted from the ELS 2002 and
had all information on the selected variables in the study. The demographic information of
these students was broken down by gender and SES. Female students constituted 49%
(1,439) of the sample. SES distribution for each quartile was as follows: a) 17.6% (514) =
lowest quartile SES; b) 23.4% (683) = second quartile SES; c¢) 27.2% (797) = third quartile
SES; and d) 31.8% (931) = upper quartile.

RESULTS

This section first presents the descriptive statistics for the selected student and
school level variables. Tables 1-3 show the results. It then presents the results from a
multilevel modeling analysis. As described earlier, the first research question asked about
the effects of computer-based learning activities on math performance within school levels;
the second research question asked about the extent to which the selected school level
factors (i.e., principal leadership and school policy on math course requirements) affected
student math performance. The multilevel modeling results are presented in Table 4.

Descriptive Results

The descriptive statistics as shown in Table 1 indicate that the computer-based
learning activities ranged from a minimum of 2 to a maximum of 10 with a mean of 6.44
and a standard deviation of 2.03. Students’ previous math performance indicates a mean
score of 45.69 of the based year math IRT scores, with a standard deviation of 13.52. The
minimum and maximum scores were 14.69 and 79.78. The mean score of the first follow up
math IRT scores was 51.61 with a standard deviation of 14.78. The scores ranged from a
minimum of 17.26 to a maximum of 80.53. Further, the mean value of the student level SES
was 2.73 with a standard deviation of 1.09. The student level SES ranged from a minimum
of 1 to a maximum of 4.

At the school level, Table 1 shows that the mean value of the principal leadership
variable was 15.83 with a standard deviation of 1.83. The minimum and maximum values
that school principals obtained were 9 and 18. In terms of school policy on math course
requirements, the results show that the average years of math courses required for
graduating from the high school were 5.85 with a standard deviation of 0.62. Among 316
schools, 0.2% required 4 years; 27.8% required 5 years; 59.3% required 6 years; 12.7%
required 7 years. Further, the mean value of the school level SES was 2.73 with a standard
deviation of 0.61. The school level SES ranged from a minimum of 1 to a maximum of 4,
which has the same description of the student SES.
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Table 2 shows the frequency distribution of computer-based learning activities by
gender. As shown in Table 2, overall, it appeared that the frequency level of computer-
based learning activities was equally distributed by gender. However, in the lowest level
(Level 2), male students were more heavily concentrated than female students (72% vs.
28%), while the opposite situation occurred in the highest levels (Level 9: male 63% vs.
female 37%; Level 10: male 56% vs. female 44%).

Table 1

Descriptive Statistics of the Selected Variables

Variables Mean Std. Minimum  Maximum
Deviation
Computer-based learning activities 6.44 2.03 2.00 10.00
Principal Leadership 1583 1.83 9.00 18.00
School policy on math course requirements  5.85 0.62 4.00 7.00
Student SES 2.73 1.09 1.00 4.00
Student previous math performance 4569  13.52 14.69 79.78
School level SES 2.73 0.61 1.00 4.00
Student math performance 50.61  14.78 17.26 80.53
Total number of student participants 2,925
Total number of schools 316
Table 2
Cross-tabulation for Gender and Computer-based Learning Activities
Variables Gender
Computer-based Male Female Total
learning activities
2 76 (72%) 29 (28%) 105 (3.59%)
3 71(50%) 71(50%) 142(4.85%)
4 163(54%) 139(46%) 302(10.32%)
5 157(43%) 211(57%) 368(12.58%)
6 249(46%) 288(54%) 537(18.36%)
7 243(49%) 256(51%) 499(17.06%)
8 238(48%) 254(52%) 492(16.82%)
9 183(63%) 109(37%) 292(9.98%)
10 106(56%) 82(44%) 188(6.43%)
Total 1,486(51%) 1,439(49%) 2,925(100%)

Table 3 shows the frequency distribution of computer-based learning activities by
student SES. As shown in Table 3, not surprisingly, students from the higher SES
background had more access to and use of computer than those who were from the lower
SES background. The frequency distribution results were consistent with the recent national
report published by the National Telecommunication and Information Administration (2008)
that indicated that significant gaps in some types of computer access still exist between
groups with differential incomes and educational attainment, in spite of steady progress in

reducing the gaps.
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Table 3
Cross-tabulation for Student SES and Computer-based Learning Activities
Variables SES Quartile
Computer-
based learning 1 2 3 4
activities Total
2 45 (42.86%) 22 22 16 105
(20.95%) (20.95%) (15.24%) (3.59%)
3 28 (19.72%) 36 42 36 142
(25.32%) (29.58%) (25.35%) (4.85%)
4 80 (26.49%) 76 72 74 302
(25.17%) (23.84%) (24.50%) (10.32%)
5 66 (17.93%) 94 106 102 368
(25.54%) (28.80%) (27.72%) (12.58%)
6 92 (17.13%) 125 143 177 537
(23.28%) (26.63%) (32.96%) (18.36%)
7 69 (13.83%) 127 139 164 499
(25.45%) (27.86%) (32.87%) (17.06%)
8 73 (14.84%) 102 145 172 492
(20.73%) (29.47%) (34.96%) (16.82%)
9 29 (9.93%) 65 78 120 292
(22.26%) (26.71%) (41.10%) (9.98%)
10 32 36 50 70 188
(17.02%) (19.15%) (26.60%) (37.23%) (6.43%)
Total 514 683 797 931 2,925

(17.57%) (23.35%)  (27.25%)  (31.83%)  (100.00%)

Multilevel Modeling Results

Table 4 shows the multilevel modeling results. In Table 4, Model 3 with all
predictors in the study would be reviewed. Model 3, which has the smallest deviance*,
shows the best models among the three models (Model 1 = null model; Model 2 = model
with controlling variables; Model 3 = model with all predictors).

As shown in Table 4, in response to the first research question, within school level,
taking into account gender, student SES, and student previous math performance, computer-
based learning activities had a significant and positive effect on student math performance
(p < .05). Students who are more inclined to use computers for their schoolwork and own
learning showed better performance on mathematics.

* It is not surprising that the Model 3 shows the smallest deviance, because the deviance is expected to
go down through adding explanatory variables to the model.
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Also as shown in Table 4, the results suggest that principal leadership
significantly affects student math performance, after controlling for school level SES (p
< .05). The indicators of principal leadership also reflect distributed leadership. This result
suggests that students who study in the schools with principal distributed leadership had a
better performance on mathematics. However, school policy on math course requirements
did not show significant effects on student math performance, although it was positively
associated with student math performance.

Table 4
Multilevel Modeling Results
Modell Model 2 Model 3
Dependent Variable: First Follow Up IRT Math Score
Variables Coefficient (S.E.)
Fixed Effect
Intercept 50.67**(0.45) 3.51(0.63) -1.54 (1.93)
Student Level
Base Year IRT scores 0.97**(0.01) 0.97**(0.01)
SES_Student Level 0.63**(0.12)  0.61**(0.12)
Gender -0.84**(0.22)  -0.87**(0.22)
Computer Use in Own Learning and 0.14*(0.05)
School Work***
School Level
SES School Level 0.53**(0.24)  0.53*(0.24)
Principal Leadership (Distributed 0.16*(0.07)
leadership)
School Policy on Math Course 0.29 (0.23)
Requirements
Random Effect
Intercept 0.00 159.39
School Level SES 0.21 0.05
Principal Leadership 0.08
School Policy on Math Courses 1.71
Residual Variance 33.14 33.00
Intraclass Correlation (ICC) 19.6%
Deviance 23,800 18,649 18,627
Number of Students in the Analysis 2,925
Number of Schools in the Analysis 316

Note. * p<.05; **p<.01; In this table, numbers in parenthesis indicate standard errors.
***This variable is a composite variable of BYS45B and BYS45C.
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DISCUSSION AND CONCLUSIONS

The results of the study can be summarized as follows: a) computer-based
learning activities are helpful for students to enhance their academic achievement in
mathematics at the student level; and b) at the school level, successful principal leadership,
which can be characterized as distributed leadership, is positively and significantly
associated with student math performance. A synthesis of the results of research questions 1
and 2 suggests that school principals play an important role in improving computer
technology infrastructure in classrooms and supporting teachers to pursue a progressive
math curriculum by integrating technology into the traditional math curriculum. To adopt
such progressive math learning activities, school principals are encouraged to establish
partnerships with a wide range of stakeholders from policy makers to private sectors who
can potentially provide funding for educational technology in student math learning.
Developing such partnerships characterizes the essentials of distributed leadership in the
areas of supporting educational technology and improving student math performance.

Every student should have equal educational opportunity to access computer
technology; however, school principals in low SES communities would experience a greater
challenge in setting up sufficient computing infrastructure in classrooms than those in
middle or high SES communities. To achieve equal educational opportunity, regardless of
student SES, more financial support at the state and national levels is necessary to allow
school to build competitive technology-based learning environment in low SES
communities.

In addition to principals’ efforts to securing funding for computer technology
infrastructure, school principals should encourage and support teachers to participate in
professional development to integrate computer technology into traditional math classrooms.
As addressed previously, teachers must spend extra time developing innovative computer-
based curriculum and providing instructional support that is tailored to different needs and
interests of students. With no doubt, school principals play a large role in empowering and
motivating teachers to make such extra efforts to successfully incorporate computer-based
learning activities into traditional classrooms.

With regard to future research studies, it would be informative to investigate the
detailed contents of computer-based learning activities in mathematics. This study admits
the limitation that the ELS 2002 did not detail the selected variables that defined computer-
based learning activities. Thus, a subsequent study needs to focus on detailing computer-
based learning activities by designing a computer-based math curriculum and examining the
effects of the designed curriculum on student math performance. Importantly, given the
result that female students showed lower performance in math than did male students,
educators are encouraged to consider gender differences when designing curriculum;
particularly in terms of motivating female students to engage in math learning through the
computer-based curriculum.
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Based on the positive effects of principal leadership on student math performance,
it would be valuable to investigate the extent to which student math performance across
schools differs between school principals who are actively involved in supporting
computer-based learning and those who are not.

Moreover, a follow up study that focuses on the transition from high school to
postsecondary education could develop the multilevel structural equation modeling
necessary to demonstrate how computer-based learning activities within school levels and
principal leadership between school levels influence student college access via student math
performance. Regarding student college access, because computer-based learning activities
are relevant to Science, Technology, Engineering, and Math (STEM) majors (Shaffer, 2007),
it would be useful to study the extent to which computer-based learning activities affect
students’ STEM major choices. Given the dire problem that there is a lack of STEM
workforce, many scholars have investigated factors that affect STEM major choices.
However, few studies have examined the relationship between STEM-related tasks or
activities and STEM major choices. Beyond STEM major choices, it would be informative
to longitudinally monitor the effect of computer-based learning activities at the K-12 levels
on students’ Bachelor degree attainments and employment in STEM fields, with specific
attention to specific demographic characteristics (e.g., gender, race/ethnicity, and disability
status).

Beyond computer-based learning activities and principals’ distributed leadership,
there might other potential learning and school contextual factors that contribute to positive
student learning outcomes. Educational scholars need to examine these potential factors and
new findings from such studies should be helpful in improving student educational
environments. Educational research should aim to create better educational environments
that offer equal educational opportunities for all students. With this aim, research in
education should focus on helping challenging students including those from low SES
background and students with disabilities who are often vulnerable in our society.
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