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This study compared the effectiveness of two instructional methods—problem-based instruction 
within a face-to-face context and computer-mediated participatory simulation—in increasing 
students’ content knowledge and application gains in the area of information problem-solving. 
The instructional methods were implemented over a four-week period. A two-group, pretest–
posttest, randomized control design coupled with an independent sample t-test on learning group 
gains was used to examine effectiveness. The results of this study show that the simulation group 
experienced significant overall (which refers to combined knowledge and application abilities) 
gains from pre–implementation to post–implementation (T = 1.852, p = .04*); however, as we 
divide overall development into its constitutive parts, the results suggest that the two 
instructional methods may have distinctly different affordances.  
 
Introduction 
The following statement, “immersive spaces are good for learning,” is an emerging academic 
position and area of research (Shaffer et al. 2005; Gee 2005; Shaffer 2008; Aldrich 2005) that 
has the potential to augment teaching and learning practices within many K–12 subject areas, 
including information problem-solving instruction. As an academic position, the view of 
immersive environments (e.g., video games, computer games, simulations, and desktop virtual 
reality environments) within the instructional landscape is theoretically persuasive. Within this 
position, immersive technologies are viewed as potentially powerful learning spaces that could 
be integrated into the teaching and learning context. In other words, virtual worlds could be 
integrated into the education landscape if they are developed using immersive technology and 
focused on learners solving complex problems within a community of practice (Shaffer et al. 
2005). This academic position accords well with the relatively recent move toward authentic 
disciplinary practices—a sociocultural view of teaching and learning reflected in many journal 
publications and standards documents such as the National Council of Teachers of Mathematics 
(2000) and the National Research Council (1996)—that refer to an approach to student learning 
that requires them to engage the practices of specialists within disciplines (e.g., historians, 
scientists, mathematicians, and information specialists) instead of simply learning the facts 
associated with those disciplines (Ford and Forman 2006). In concert with the disciplinary-
practices view of teaching and learning, it is argued that complex and immersive teaching 
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environments could augment learning by presenting new social and cultural worlds that allow 
students to participate in new social practices and take on new identities (Shaffer et al. 2005). 
 
As an area of research, empirical evidence is needed to illuminate the effectiveness of these 
environments within the K–12 IL instructional landscape. This study compared the effectiveness 
of a face-to-face, problem-based instruction method to a computer-mediated participatory 
simulation (see figure 1). The problem-based method uses instructional opportunities that require 
students to learn information problem-solving by engaging real-world, complex problems with 
uncertain and multiple information solutions (Blumenfeld et al. 1991). The participatory 
simulation method requires students to develop subject-specific literacies through simulated 
experiences, interactions, and communities of practices. Moreover, within the simulation 
method, students learn problem-solving practices by actively participating as information literacy 
(IL) apprentices within a computer-generated community of information professionals. 
 

 
Figure 1: Screen shot of the computer-mediated participatory simulation  
 
Background 
The development of computer information systems, ideas of an information-based society, and 
an alarming report (National Commission on Excellence in Education 1983) on the status of 
American education created a dynamic stage-setting for the development of a K–12 IL discourse. 
Within that setting, library and information science (LIS) scholars and information organizations 
worked to develop the discourse within the K–12 educational landscape. While the list of 
discursive contributions is very long, there are some seminal moments during the discursive 
development of IL. For example, research conducted by Irving (1985) found that educators 
valued skills needed to learn from information resources more than skills associated with the 
retrieval of resources. Scholars (e.g., Mancall, Aaron, and Walker 1986; Craver 1989) created a 
nexus between the concept of IL and the skills tied to critical thinking. Carol Kuhlthau (1987) 
illuminated the historical developments of the information literacy discourse and encouraged 
school library media specialists (SLMSs) to make integrated IL instruction a primary aspect of 
their programs. Breivik, Hancock, and Senn (1998) promoted the shift from a technology-
focused IL discourse to a skill-focused discourse. The ALA Presidential Committee on 
Information Literacy articulated a definition of IL and recommendations for furthering the 
concept within areas such as primary and secondary education (ALA 1989). The National Forum 
on Information Literacy (NFIL)—a coalition of education, business, and government 
organizations—formed to advance the concept within various domains of study and practice, 
including K–12 education. A Delphi study conducted by NFIL members tied the concept of IL to 
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national education goals, and Doyle (1994) further articulated the possibilities of IL within 
national goals. In a position statement, the Wisconsin Education Media Association (WEMA), 
endorsed by the American Association of School Librarians (AASL), positioned information 
problem-solving content and practices (i.e., identifying tasks, employing search strategies, 
locating resources, accessing information physically and intellectually, interpreting information, 
communicating information, and evaluating the problem-solving product and process) as the 
central focus of IL teaching and learning on the K–12 level (WEMA and AASL 1993), and the 
AASL collaborated with the Association for Educational Communications and Technology 
(AECT) to publish IL standards (AASL and AECT 1998). 
 
Information Problem-Solving 
Information problem-solving instruction refers to the teaching and learning of practices related to 
the creation of information solutions to problems. The framework that underpins the concept is a 
process-oriented one, and a dominant theme that runs through the concept is the coupling of 
practices needed to access and use information with those needed to apply and solve information 
problems (Wolf, Bush, and Saye 2003). The constitutive practices of information problem-
solving are identifying tasks, employing search strategies, locating resources, accessing 
information physically and intellectually, interpreting information, communicating information, 
and evaluating the problem-solving product and process. Task identification (also known as 
problem definition) refers to a practice of recognizing the existence of an information-based 
problem and defining the needs associated with that problem (WEMA and AASL 1993). Search 
strategy initiation refers to the development of a plan that will be employed to find information. 
Information location refers to an ability to find resources within information landscapes and 
information within particular resources. Information evaluation refers to the determination of 
information accuracy, comprehensiveness, relevance, and usefulness. Information use refers to 
the integration and synthesis of information to solve a defined problem. Information 
communication refers to the effective presentation of problem-solving resolutions. Problem-
solving product and process evaluation refers to a critical assessment of the final resolution of a 
problem and the processes employed in generating it. 
 
Integrated IL Instruction 
The AASL promotes the full integration of IL skills within the teaching and learning landscape 
(AASL and AECT 1998), and presently, SLMSs are primarily employing integrated approaches 
to information problem-solving instruction, which are collaborative efforts between SLMSs and 
subject area educators to contextualize information problem-solving content and practices within 
ongoing classroom instruction (Thomas 2004). Furthermore, since information problem-solving 
has a process orientation, collaborating educators have traditionally used instructional methods 
(e.g., resource-based learning, project-based learning, and inquiry learning) within integrated 
approaches (Eisenberg, Lowe, and Spitzer 2004; Thomas 2004). AASL strongly promotes the 
idea of “library media specialists work[ing] with teachers to plan, conduct and evaluate learning 
activities that incorporate information literacy” (AASL and AECT 1998, 50), and much of the 
K–12 research literature (e.g., Irving 1985; Pitts1995; Thomas 2004; Todd 1995) seems to 
support the idea of integration. For instance, Todd (1995) examined the use of integrated IL 
instruction with middle school science students and found a positive effect on learning. Bingham 
(1994) compared an integrated information skills approach with a traditional [noncontextualized] 
approach and reported significantly higher scores for students learning within the integrated 
approach. Pitts (1995) found integrated instruction necessary because complex information 
assignments and activities require students to use multiple domains of knowledge including 
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subject matter and IL knowledge. Hara (1996) found integrated IL instruction more effective 
than both no instruction and noncontextualized instruction. 
 
It is currently best practice to use process frameworks in conjunction with integration and 
instructional methods (Thomas 2004). Process frameworks are user-centered, cognitive 
frameworks that focus on strategies for thinking during research and problem-solving activities 
(Thomas 2004). Examples of process frameworks include the Inquiry Model (Sheingold 1986), 
Information Search Process (Kuhlthau 1988), Big6 (Eisenberg and Berkowitz 1990), React 
(Stripling and Pitts 1988), Pathways to Knowledge (Pappas and Tepe 1997), and I-Search (Joyce 
and Tallman 1997). Scholars like Eisenberg and Brown (1992) propose that there are more 
similarities than differences among the frameworks because they all guide students through an 
iterative process of solving an information-based problem or research project. 
 
The general benefits of integrated IL instruction have been articulated through both anecdotal 
and empirical evidence. However, postsecondary research is indicating a lack of undergraduate 
IL competencies and abilities. Moreover, studies are indicating a lack in students’ information 
confidence (National Center for Postsecondary Improvement [NCPI] 2001), ability to formulate 
and focus research questions (Fitzgerald 1999; Quarton, 2003), ability to access information 
(Intersegmental Committee of the Academic Senates [NCAS] 2002; NCPI 2001; Quarton 2003), 
ability to evaluate information (ICAS 2002; Dunn 2002; Fitzgerald 1999), ability to organization 
information, and ability to create and communicate information (Dunn 2002). Emerging 
postsecondary research indicates that much remains to be done in the area of IL instruction. In 
other words, there is a continuous need for the interrogation and augmentation of current best 
practices, particularly integrated instructional methods. More empirical evidence is need to 
illuminate the affordances and effectiveness of dominant integrated instructional methods (such 
as problem-based learning), and empirical interrogations of dominant methods as compared to 
emerging methods (e.g., computer-mediated methods) are also needed. 
 
Immersive Instructional Methods: An Emerging School of Thought and 
Research 
Immersive instructional methods have the potential to expand the range of instructional practices 
within the area of K–12 IL education (Shaffer et al.2005; Gee 2005; Shaffer 2007; Aldrich 
2005). Immersive instruction refers to the coupling of learning theory, domain-specific 
knowledge, practices, and technology (e.g., video games, computer games, simulations, and 
desktop virtual reality environments) to create powerful learning environments (virtual worlds). 
These virtual learning environments allow students to learn new social practices (e.g., 
information-literate practices) and develop new identities (e.g., information-literate identities) 
through the process of solving complex problems and participating in communities of practice 
(Shaffer et al. 2005). 
 
Research studies (e.g., Randel et al. 1992; Dempsey et al. 1994; Emes 1997; Harris 2001; Lee 
1999; Rosas et al. 2003; Laffey et al. 2003; Rieber 1996; Gorriz and Mediana 2000; Prensky 
2001) give insight into the affordances of immersive instruction (e.g., electronic gaming and use 
of simulations) within the education landscape. Randel et al. (1992) examined empirical research 
studies in the area of gaming and education that were published between 1963 and 1991. This 
review of research strictly focused on studies comparing the instructional effectiveness of games 
to traditional classroom instruction, and the researchers found that thirty-eight of the sixty-seven 
studies concluded that teaching via gaming was just as effective as teaching using traditional 
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practices. The researchers also found that twenty-seven of the sixty-seven studies concluded 
instruction-as-gaming to be more effective then instruction within traditional practices. Other 
empirical research studies show that gaming approaches are just a effective as traditional 
teaching approaches in teaching basic math and reading comprehension skills (Rosas et al. 2003; 
Laffey et al. 2003), mathematical problem-solving skills (Van Eck and Dempsey 2002), basic 
logic (Costabile et al. 2003), geographical content knowledge (Wiebe and Martin 1994; Virvou, 
Katsionis, and Manos 2005), and vocabulary skills (Malouf 1988). The gaming and learning 
literature has also illuminated particular affordances associated with these learning environments 
such as the development of critical thinking skills (Rieber 1996), problem-solving skills (Rieber 
1996; Gorriz and Mediana 2000; Prensky 2001), visual and spatial skills (Greenfield et al. 1994), 
cognitive strategies (Gredler 1996), discovery learning (Prensky 2001; Provenzo 1992), student 
engagement and interactivity (Malone and Lepper 1987; Rosas et al. 2003; Price 1990), visual 
skills attainment, motor skill growth, and computer-using skills. 
 
Research also indicates that desktop virtual reality and computer simulation environments can 
improve the development of subject area knowledge and process skills. For example, Joseph 
Akpan and Thomas Andre (2000) conducted a study to examine the use of a frog dissection 
simulation—as compared to traditional approaches—in improving students’ knowledge of 
morphology and anatomy. The researchers found that the simulated dissection group gained 
significantly more anatomy knowledge, and the researchers concluded that computer simulations 
are effective learning environments that afford students the opportunity to “search for meaning, 
appreciate uncertainty and acquire responsibility for their own learning” (Akpan and Andre 
2000, 311). Geban, Askar, and Ozkan (1992) studied the effectiveness of three instructional 
approaches (computer simulation, problem-solving, and traditional) in augmenting students’ 
chemistry knowledge, science process skills, and attitudes toward chemistry. Researchers found 
that the problem-solving and computer simulation approaches were significantly more effective 
than the traditional approach. Woodward, Carnine, and Gersten (1988) focused on the 
effectiveness of a computer simulation as compared to a structured teaching approach in teaching 
health knowledge to mildly handicapped students. The researchers found that the computer 
simulation group significantly outperformed the structured teaching group in respect to basic 
facts, concepts, and problem-solving skills, with the greatest difference in the problem-solving 
area. David Ainge (1996) conducted a pretest–posttest, two-group, virtual reality study using the 
VREAM Virtual Reality Development System as compared to a conventional instructional 
method in developing students’ abilities (i.e., visualization, naming, and recognizing). The 
researcher found that the VR learning environment had a slight positive effect on shape 
visualization and name writing; however, the VR environment strongly enhanced the student’s 
ability to recognize shapes in everyday contexts. Rivers and Vockell (1987) conducted a study to 
determine if a computer simulation could be used to enhance high school students’ problem-
solving abilities in the area of biology. The study had three groups: (1) unguided discovery, 
which provided students with only a brief introduction to the simulation before use; (2) guided 
discovery, which provided students with an in-depth introduction and strategies to use in solving 
simulated problems; and (3) a control group, which were taught the same topics using lectures, 
textbooks, and laboratory exercises. Results indicated that students using the unguided discovery 
simulation preformed as well as the control group; however, the students using the guided 
discovery simulation significantly outperformed all other students in respect to scientific 
thinking and critical thinking abilities. Paul Kelly (1998) conducted a study to determine if 
students learning within a simulation environment could transfer knowledge and perform as well 



Volume 11 | ISSN: 1523-4320 
 

 

6 School Library Media Research | www.ala.org/aasl/slr 
 

as students that received instruction in a laboratory setting. The researchers found that the 
computer simulation students performed as well as the laboratory students. 
 
This emerging school of thought—that immersive spaces are good for learning—and the 
technologies tied to it should be empirically explored within the area of K–12 IL instruction. 
 
Purpose of the Study 
This study compared the effectiveness of a face-to-face, problem-based instruction method to a 
computer-mediated participatory simulation. The problem-based method utilizes instructional 
opportunities that required students to learn information problem-solving by engaging real-
world, complex problems with uncertain and multiple information solutions (Blumenfeld et al. 
1991). The participatory simulation method requires students to develop subject-specific 
literacies (e.g., information problem-solving) through computer-simulated experiences, 
interactions, and communities of practices. 
 
Three research questions were generated for this study: 

1. Are the overall gains of the two groups (problem-based and simulation) significantly 
different after a four-week implementation period? 

2. Are the content knowledge gains of the two groups (problem-based and simulation) 
significantly different after a four-week implementation period? 

3. Are the application gains of the two groups (problem-based and simulation) significantly 
different after a four-week implementation period? 

 
Hypotheses 
The first hypothesis, which is based upon previous educational research using computer 
simulations and virtual reality platforms, stated that the participatory simulation group (PS) 
would display significantly larger overall gains from pretest to posttest (H1: problem-based 
group [PB] < [PS]). The second hypothesis stated that the PS would display significantly larger 
content knowledge gains from pretest to posttest (H2: PB knowledge gain < PS knowledge gain). 
The third hypothesis stated that the PS would display significantly larger application gains for 
pretest to posttest (H3: PB application gain < PS application gain). 
 
Instructional Methods Used in the Study 
 
Computer-Mediated Participatory Simulation 
A three-dimensional, computer generated, participatory simulation was employed as an 
instructional method for problem-solving teaching and learning (see figure 1). The simulation, 
which is constructed upon sococultural learning principles, was the result of a rapid design 
ethnography that attempted to extend instruction role possibilities for SLMSs (Newell 2004). 
 
The 3D interface of the simulation was developed using authorware similar to the design tools 
used within the online virtual world call Second Life. The simulation interface was highly 
interactive and allowed students to navigate the 3D environment from every perspective using 
the computer screen, mouse, and keyboard. The 3D simulated contexts consisted of a middle 
school library (see figure 2), high school library (see figure 3), informal information 
environments (see figure 4), and electronic environments (see figure 5). The various contexts 
were designed to represent a small community or town; in other words, students could virtually 
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walk from the middle school library to the high school library within the 3D simulation. 
Furthermore, the 3D simulation technology enabled the construction of virtual information 
objects, artifacts, and resources (e.g., books, computers, televisions, and people). Both the virtual 
objects and contexts were interactive and responded to the participants’ actions; for example, the 
virtual (simulated) computers worked and students could virtually use many of the books within 
the space. Within the 3D simulation environment, students could move and interact freely and 
collaboratively using avatars, communicate using chat features and gestures, and use a variety of 
information objects, artifacts, and resources. 
 

 
Figure 2: Screen shot of the middle school library with the computer simulation  
 

 
Figure 3: Screen shot of the high school library with the computer simulation  
 

 
Figure 4: Screen shot of an informal information environment with the computer 
simulation  
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Figure 5: Screen shot of a student accessing an electronic resource within the computer 
simulation  
 
Within the participatory simulation, students learned information problem-solving practices 
through simulated experiences, interactions, and communities of practices. Moreover, students 
learned problem-solving practices by actively participating as IL apprentices within a computer-
generated community of information professionals (called Cybrarians). As IL apprentices, 
students consulted the simulated information professionals and assisted them in meeting the 
information needs of other computer-generated characters within the simulation using novice 
problem-solving knowledge and practices (Wenger 1998). All information-oriented problems 
emerged from computer-generated characters needing help, and through participation students’ 
learned information practices—gradually developing from novices to masters. Moreover, student 
learning was guided using three techniques: scaffolds, communities of practice, and cognitive 
process frameworks. First, instructional scaffolding helped students as they learned through 
active participation, and these learning supports (scaffolds) existed in the form of tutorials, 
information on-demand, just-in-time pop-ups (Gee 2007), coaching, modeling (Collins, Brown, 
and Newman. 1989), cognitive structuring (Gallimore and Tharp 1990), exploration (Collins, 
Brown, and Newman1989), and questioning (Gallimore and Tharp 1990). Second, a community 
of practice (CoP) also helped the development of practices. Information professionals—a group 
that is bounded by best practice approaches to information problem-solving—constituted the 
CoP, and within the 3D simulation, students could work with members of this CoP (e.g., 
Cybrarians, real-world librarians, and other student apprentices) to solve problems. Third, as 
students engaged tasks, they used a cognitive process framework to cognitively structure the 
stages of information problem-solving and thinking strategies related to the different stages. The 
stages were task identification, search strategy initiation, information location and access, 
information evaluation, information use, information communication and problem-solving 
product and process evaluation. 
 
The initial development of all simulation tasks was done by the researcher. A variety of 
information literacy and information problem-solving textbooks and articles were analyzed and 

http://www.ala.org/aasl/files/aaslpubsandjournals/slmrb/slmrcontents/volume11/images/Newell_fig5.jpg�


Volume 11 | ISSN: 1523-4320 
 

 

9 School Library Media Research | www.ala.org/aasl/slr 
 

used in the construction of tasks. However, the SLMS and the technology teacher, within the 
research site, reviewed and augmented all tasks a month before the study was conducted. Tasks 
were also added by the educators during this period. 
 
Problem-Based Instruction within a Face-to-Face Context 
As stated above, it is currently best practice to teach information problem-solving using an 
integrated instructional approach coupled with an instructional method and process framework 
(Thomas 2004; AASL and AECT 1998). Staying true to the integrated approach, the technology 
teacher and information specialist decided to design a technology-focused unit of study that 
embedded information problem-solving lessons into the class activities. The title of the unit was 
Applied Computer Skills, and the general purpose was to overview how technology can be used 
in everyday life. The educators, surprisingly, began the construction of this unit by examining 
the participatory simulation tasks to determine the primary technological applications and 
problem-solving processes used. For example, many simulation tasks required students to search 
for websites and watch and listen to online videos and search catalogs; therefore the educators 
designed the unit with daily lessons focusing on those technologies and processes. Second, the 
educators took the 3D simulation tasks and restructured them into problem-based learning 
situations to be used as integrated classroom activities that supported the daily lesson. The 
educators decided to use the simulation tasks to ensure that students within both learning 
environments experienced the same content and similar activities. 
 
The educators employed the use of a problem-based instructional method and a generic process 
framework. Within the problem-based method the educators designed instructional opportunities 
that required students to learn information problem-solving by engaging real-world, complex 
problems with uncertain and multiple information solutions (Blumenfeld et al. 1991). These 
instructional opportunities emphasized student-driven question formulation, multimodal 
information searching, use of information artifacts (e.g., books and computers), sense-making, 
and multimodal information use (Sheingold 1986; Blumenfeld et al. 1991; Callison 1986). 
Furthermore, all instructional opportunities culminated in concrete demonstrations of problem-
solving practices (Blumenfeld et al. 1991; Callison 1986). During instruction, the technology 
teacher and information specialist structured, supported, and guided student-constructed 
understandings and products (Blumenfeld et al 1991; Callison 1086), and as students engaged 
tasks, students used a generic process-oriented framework that guided them through the stages of 
information problem-solving and thinking strategies related to the different stages. The method 
also infused aspects of inquiry-learning. For example, students were viewed as self-reflective 
learners in a meta-cognitive sense, which refers to “knowing about [himself or herself] and other 
people as knowers, knowing about the task to be undertaken, knowing what strategies to apply to 
the task, and how to monitor one’s own performance with respect to the task” (Sheingold, 1986, 
84). The students are also viewed as active learners that are motivated by the real-world nature of 
problems and multimodal information contexts and learners that actively use prior knowledge in 
the personal construction of information solutions to problems (Sheingold 1986). Within the 
instructional method, students were also required to work in teams of two during the completions 
of tasks (Callison 1986; Bransford and Stein 1993). The face-to-face teaching and learning 
context consisted of a computer lab, middle school library, and all of the information objects and 
tools within them (e.g., library catalogs, books, computers, websites, and search engines). The 
middle school, library media center, and computer lab were connected, and the computer lab 
housed enough computers for each student to have his or her own during the learning periods. 
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Research Design and Methods 
The design consisted of a two-group, pretest–posttest, randomized, controlled trial employed to 
examine the effectiveness of the two instructional methods. Two seventh grade and two eighth 
grade computer literacy classes (54 students total) were assigned to instructional methods 
(problem-based or participatory simulation) through a randomization process. The researcher 
attempted to recruit the entire seventh and eighth grade population of computer lab students for 
the study (77 students); however, 23 students were not enrolled or excluded from the study due 
to a lack of student or parent consent or excessive absences during the four-week implementation 
period. The participatory simulation group (PS) was composed of 27 students (12 seventh grade 
and 15 eighth grade students), and the problem-based group (PB) was also composed of 27 
students (11 seventh grade and 16 eighth grade students). Both groups were given a pretest, then 
experienced four weeks of instruction and tested again (posttest). 
 
Pretests and Posttests 
Because of the particular aims of the study, it was necessary to develop the test that was to be 
given as a pretest and posttest. The tests were constructed using the concept of content validity. 
Content validity refers to the extent to which a measurement instrument is a representative 
sample of the content domain being measured (Robson 2002). This form of validity is usually 
employed when a researcher attempts to assess achievement in a knowledge area (Robson 2002). 
The researcher used Information Power (AASL and AECT 1998) and other seminal information 
problem-solving publications such as The Definitive Big6 Workshop Handbook (Eisenberg and 
Berkowitz 2003) to ensure that the test items were reflective of the content knowledge and skills 
of the information problem-solving domain. After designing and developing the test, the 
researcher submitted it to a panel of five information educators to both take the test themselves 
and to provide feedback for augmentation and change. The final version of the test was 
composed of two sections: (1) a section with ten best-answer questions that overviewed 
information problem-solving knowledge and (2) a section that required students to complete an 
information problem-solving activity (see appendix A). The problem-solving activity was 
designed to illuminate students’ abilities in solving a problem using information actions and 
processes such as their ability to locate, evaluate, synthesize, and use information. A rating 
scale—designed by the researcher and augmented by the same panel of information educators—
was used to grade both portions of the test. 
 
The Testing Situation 
The students arrived to the computer lab, and they were instructed to turn off all computers. The 
tests were then distributed, and students were asked to print their names on the first page, which 
was the best-answer portion of the test. The researcher overviewed the two sections of the test 
for students and provided an initial reading of the directions. Students were then given the entire 
class period to complete the test and were reminded that they would need their computers for the 
problem-solving activity section of the test. The students were permitted to ask questions; 
however, the teacher and researcher could not define domain-specific terms, ideas, procedures, 
or processes. Furthermore, they could not provide answers or tips. 
 
Grading the Pretest and Posttests 
After all tests were completed, the researcher assigned a unique number to each test. This unique 
number was written in two places. First, it was placed directly beside the student’s name, and it 
was also placed on the third page of the test. The first page of the test (the best-answer portion) 
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was then graded and removed to ensure a blind review. The researcher also graded the problem-
solving activity portion of the tests, and the SLMS and technology educator were asked to review 
all assigned problem-solving grades for rater reliability purposes. The goal was to achieve 100 
percent agreement on grade assignment; therefore all rating discrepancies were discussed and 
agreement was achieved through rating clarifications or grade modifications. (See appendix B 
for the scoring guide.) 
 
An independent sample t-test on gains was used in this study, and three hypotheses were 
formulated and tested. Overall, knowledge and application gains from pretest to posttest were 
calculated. The gain means between the two groups were then compared using t-tests. The test 
statistic—the T score—was calculated using SPSS software. The probability that the null 
hypothesis is true (the p-value) was determined on the basis of the T score and halved to obtain 
the p-value for a directional hypothesis (or one-tailed test). Finally, the p-value was compared to 
the predetermined .05 significance level. 
 
Results 
 
Descriptive Statistics: PB Method 
The average for the PB pretest score (combined seventh and eighth grade classes) was 58.41 
percent, and the PB posttest average (combined seventh and eighth grade classes) was 70.56 
percent. The PB seventh grade class averaged 60.82 percent on the pretest and 72.36 percent on 
the posttest. The seventh grade PB class averaged 36.36 percent on the pretest knowledge-
oriented section, and 39.09 percent on the posttest knowledge-oriented section. This group 
achieved a pretest average of 24.45 percent on the application section and 33.27 percent on the 
posttest application section. 
 
The PB eighth grade class achieved a pretest average of 56.75 percent and 69.31 percent as a 
posttest average. Furthermore, the PB eighth grade class averaged 30.38 percent on the pretest 
knowledge-oriented section, and 40.63 percent on the posttest knowledge-oriented section. This 
group achieved a pretest average of 26.38 percent on the application section and 28.69 percent 
on the posttest application section. 
 
Descriptive Statistics: PS Method 
The average (combined seventh and eighth grade classes) for the PS pretest score was 58.30 
percent, and the PS posttest average was 75.26 percent. Moreover, the PS seventh grade class 
averaged 58.75 percent on the pretest and 74.92 percent on the posttest. The seventh grade PS 
class also averaged 36.25 percent on the pretest knowledge-oriented section and 36.67 percent on 
the posttest knowledge-oriented section. This group achieved a pretest average of 22.5 percent 
on the application section and 38.25 percent on the posttest application section. 
 
The PS eighth grade class achieved a pretest average of 57.93 percent and 75.53 percent as a 
posttest average. Furthermore, the PS eighth grade class averaged 37.67 percent on the pretest 
knowledge-oriented section and 37.33 percent on the posttest knowledge-oriented section. This 
group achieved a pretest average of 20.8 percent on the application section and 38.2 percent on 
the posttest application section. 
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Analysis 
Each of the three hypotheses was tested using independent sample t-test comparing student gains 
from pretest to posttest. 

• Hypothesis 1. The first hypothesis stated that the PS learners would have significantly 
higher overall mean gain scores from pretest to posttest. Hypothesis 1 was supported. 
There was a significant difference (T = 1.852, p = .04*) between the overall PB and PS 
gains after the 4-week implementation period (see table 1). 

• Hypothesis 2. The second hypothesis stated that the PS learners would have significantly 
higher mean gains scores on the knowledge section from pretest to posttest. Hypothesis 2 
was not supported. There was a significant difference but not in the direction anticipated. 
The PB learners experienced significantly larger knowledge gains (T = -3.664, p = .00*) 
after the 4-week implementation period. Furthermore, data suggests that the PS students 
made no knowledge gains during the 4-week period (see table 2). 

• Hypothesis 3. The third hypothesis stated that the PS learners would have significantly 
higher mean gains scores on the application section from pretest to posttest. Hypothesis 3 
was supported. There was a significant difference (T = 3.873, p = .00*) between the PB 
and PS application gains after the implementation period (see table 3). 

 
Table 1. Results for Hypothesis 1 

Entire Information 
Literacy Test 

Problem-Based 
Group (N=27) 

Simulation Group 
(N=27) 

T Significance M SD M SD 

Gain Score 2.1482 8.498 16.963 10.505 1.852 .04* 
 
 
Table 2. Results for Hypothesis 2 

Knowledge Section of 
Test 

Problem-Based 
Group (N=27) 

Simulation Group 
(N=27) 

T Significance M SD M SD 

Gain Score 7.56 8.285 0 6.794 -
3.664 

.000* 

 
 
Table 3. Results for Hypothesis 3 

Application Section of 
Test 

Problem-Based 
Group (N=27) 

Simulation Group 
(N=27) 

T Significance M SD M SD 

Gain Score 4.96 11.288 16.67 10.912 3.873 .000* 
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Discussion 
The pretest results for all classes (58.35 percent) suggest that students did not fully grasp the 
major areas of information problem-solving before instructional implementation. Students 
averaged 34.93 percent on the section of the pretest that asked them content knowledge questions 
about information literacy in the context of problem-solving, and their average was worst (23.57 
percent) on the section that required them to apply practices such as problem definition, access, 
evaluation, analysis, synthesis, and use. The pretest results were reflective of K–12 information 
literature. In particular, the results reflect the problems that the literature has illuminated in 
respect to middle school and high school students’ ability to define a problem (Loerke 1994; 
Mark and Jacobson 1995), identify types of information needed (Akin 1998; Pitts 1995), locate 
information (Chen 1993; Irving 1990; Neuman 1995; Solomon 1994; Todd 1998; Nahl and 
Harada 1996), and evaluate and select information (Fitzgerald 1999; Irving 1985; Hirsh 1998). 
The results also support recent studies indicating that students struggle in these areas (e.g., 
accessing, evaluating, analyzing, synthesizing, and applying information) during their first year 
of college (Dunn 2002; ICAS 2002). It was quite apparent that at the onset of instructional 
implementation students struggled in respect to answering questions regarding typical 
information literacy knowledge in the context of information problem-solving and students 
struggled in respect to understanding and applying information problem-solving practices (e.g., 
access, evaluation, and use). 
 
After the four-week implementation period, an examination of mean gain scores between groups 
suggested that the PS approach was more effective in expanding students’ overall 
development—which refers to combined knowledge and application abilities—in the area of 
information problem-solving. Moreover, the PS learners experienced significant (T = 1.852, p = 
.04*) overall gains from pretest to posttest, although both instructional methods constituted ideal, 
high-performing learning systems. However, as we divide overall development into its 
constitutive parts, which are knowledge expansion and application expansion, then the 
significant overall differences can be better placed into focus. For instance, the PB students 
experienced significantly higher gains on the knowledge section of the information literacy test 
from pretest to posttest ( T = -3.664, p = .00*). In respect to knowledge gains, PS students were 
simply outperformed by a gain of 7.56. In fact, the data indicates that the PS group made no 
knowledge gains during the four-week learning period, which means that their means at pretest 
and posttest were exactly the same. This finding provides some insight into potential affordances 
tied to face-to-face PB approaches. Moreover, this finding is believed to largely result from the 
types of teaching and learning that is possible within the real-world PB method. 
 
Within the PB instructional approach, the information specialist and technology teacher engaged 
in a very high level of direct and dynamic information problem-solving instruction (e.g., 
lecturing, modeling successful performance, and demonstrating important information problem-
solving skills). Furthermore, within the PB approach, the educators did not structure a typical 
lecture environment in which the teacher takes on the role of a performer and the students play 
the role of an audience. Instead, both educators and students acted as performers within the 
instructional environment. The educators were very skilled at (1) questioning students in ways 
that transformed them into cocreator of the overall lecture message, (2) eliciting questions that 
helped to deconstruct information problem-solving into its constituent parts, (3) eliciting 
students’ experiences to illustrate specific practices related to the problem-solving process, and 
(4) engaging students in practical demonstrations to reinforce content. This combination of 
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dynamic lecturing, modeling, and demonstrating was very effective in teaching students about 
the components of the information problem-solving process and general IL knowledge. 
 
The PS students are believed to have not made gains in the knowledge expansion area for two 
primary reasons: educators’ lack of student engagement within the simulation space and lack of 
time for knowledge development. First, the simulation environment was not designed to replace 
real-world educators. Instead, the simulation was designed to have a continuous (live) educator 
presence within the virtual environment to engage students in Socratic questioning, reflective 
thinking, and process modeling. The Cybrarians (preprogrammed computer-generated librarians) 
within the simulation environment were not designed to serve as primary educators; instead, they 
were designed to assist the live educators in sharing the range of knowledge and practices 
required to solve problems within and across contexts. Although the researcher attempted to 
engender a sense of educator ownership into the simulation environment by having a period in 
which the educators augmented the tasks of the environment and by continuously discussing the 
importance of the live educator’s role within technology-based instruction, educators seemed to 
feel that they were in direct competition with a computer program. Moreover, it was very 
common for educators to use the phrase “our students” when speaking about the PB group, and 
their level of student engagement with the PS group deviated from the researcher’s articulated 
expectations. The lack of engagement required students to almost exclusively rely on 
preprogrammed Cybrarians (or librarian-bots) for knowledge and practices. Second, students 
were expected to learn knowledge of the problem-solving domain overtime through interactions 
and activity—not in a lecture format. PS students may not have had enough time to gain 
knowledge of the full range of acceptable and typical content within the information problem-
solving domain, which is evident by the fact that they were more likely to incorrectly answer the 
“all of the above” questions during the posttest. 
 
The PS students achieved significantly higher gains in the area of information problem-solving 
application from pretest to posttest (T = 3.873, p = .00*), and this finding provides some insight 
into potential affordances tied to the use of simulation environments in mediating IL instruction. 
The simulation emphasized the contexts within which information literate practices occur and the 
idea of learning within social activity and communities of practice. Moreover, information 
literacy learning did not occur outside of information contexts and participation in the 
information practices tied to the information domain. The seemly infinite, complex, 3D, 
computer-based environment coupled with a compelling storyline that made students a part of a 
community of practice (information studies) may have encouraged students to develop 
information processes and practices for the purposes of understanding, navigating, and using the 
many information environments and artifacts within the space. It may also have engaged the 
students in a culture of sharing knowledge, practices, processes, and experiences to fulfill their 
role within the simulation. The PS group emerged as a process-oriented group; they focused 
more on developing information problem-solving practices. The PB group—on the other hand—
was more product oriented; students were focused more on generating a product to be graded 
than developing problem-solving practices. Furthermore, PB students did not seem to engage 
information problem-solving practices as needed processes to successfully address the scenarios; 
instead, they engaged practices as something that they were forced to do. PB students focused on 
the completion of as many scenarios as possible within the class period, instead of focusing on 
the full development of their skills and fully addressing the scenarios. 
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Conclusion 
We should not take an either/or approach to IL instruction; instead, we must expand our range of 
instructional approaches on the basis of effectiveness and affordances. The PB method coupled 
with a high level of direct and dynamic instruction seems to be very effective in presenting 
content knowledge, and the PS method coupled with scaffolding, CoP, and process frameworks 
seems to be very effective in teaching the application of IL practices. Both approaches should be 
used to develop the type of information-literate students that our field desires. However, we must 
attempt (via research studies, learning theory, and instruction systems technology) to decrease 
the affordance gap between the two approaches. For example, the findings of this study suggests 
that learning within the two approaches is distinct and that the two approaches have the potential 
to construct distinct types of information-literate learners (i.e., learners skilled in content 
knowledge and learners skilled in the application of information practices). Research studies that 
attempt to illuminate dynamic activity patterns within IL learning approaches are needed to give 
greater insight into student learning and instructional affordances and to generate design 
recommendations that could decrease the distance between affordances tied to particular 
instructional approaches. 
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Appendix A. Pretest and Posttest Measure 
Best answer section [questions 1–10]  

1. A person that is skilled in the use of information should be able to: (select one of the 
following)  
• Read, write, and solve mathematical problems  
• Access, evaluate, and use information to solve problems  
• Read books, read websites, and search Google  
• Use many types of resources to solve problems  
• None of the above  

 
2. When you attempt to solve a problem using information, what should you do first? (select 

one of the following)  
• Look for a computer or a book  
• Find the needed information  
• Define the problem  
• Determine what type of information is need  
• None of the above  

 
3. When you attempt to solve a problem using information, what should you do last? (select 

one of the following)  
• Create a product  
• Use information  
• Organize and communicate solutions  
• All of the above  

 
4. Where should students go to find information? (select one of the following)  

• School libraries, public libraries, homes, and computer resources  
• Internet, databases, and electronic encyclopedias  
• Print, electronic, and human resources  
• None of the above  

 
5. What are good information sources? (select one of the following)  

• Sources that teachers and librarians give to students  
• Sources that answer your information question or problem  
• Encarta Encyclopedia, Britannia Encyclopedia, The Madison Times, and websites 

found using Google  
• Reliable information sources  
• None of the above  
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6. This diagram was created by an information-literate student. Why do you think the 
student organized the information in this way? (select one of the following) 

 
• Because these are the types of diagrams that scientists make  
• To make sense of the information and to effectively present it to others  
• Because adding diagrams will increase her grade  
• Because this is the way that it appeared in the encyclopedia  

 
7. A good information problem solver can (select one of the following)  

• Judge accuracy and relevance  
• Read for facts, opinions, and point or view  
• Identify misleading and inaccurate information  
• Select appropriate information  
• All of the above  

 
8. What questions should you ask at the beginning of an information task? (select one of the 

following)  
• What is the end product?  
• How much time do I have?  
• What exactly am I being asked to do?  
• All of the above  

 
9. A good information problem solver can (select one of the following)  

• Organize information in the form of a product  
• Combine new information with what he or she already knows  
• Use information to satisfy an information need  
• Communicate information and ideas in appropriate ways  
• All of the above  

 
10. A good information problem solver can (select one of the following)  

• Clarify the requirements of a problem  
• Recognize the need for information  
• Form questions on the basis of information needs  
• Use keywords to better understand the problem  
• All of the above  
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Problem-solving activity section  

Please read the scenario below and assist the person with their everyday information problem.  

 

 
In your own words, what is the problem?  
In your own words, what information do you need to find to solve the problem?  
In your own words, list some skills that you believe are needed to solve this problem  
List some resource formats that you could use to solve the problem.  
Use your computer to help Nick. Write your solutions to his problem on this page. Make sure 
that you explain your solutions. 

 
 

Appendix B. Rating Scale 
Scoring Guide 

1. A person that is skilled in the use of information should be able to: (select one of the 
following)  

• Access, evaluate, and use information to solve problems  
2. When you attempt to solve a problem using information, what should you do first? (select 

one of the following)  
• Define the problem  

3. When you attempt to solve a problem using information, what should you do last? (select 
one of the following)  

• All of the above  
4. Where should students go to find information? (select one of the following)  

• Print, electronic, and human resources  
5. What are good information sources? (select one of the following)  

• Appropriate sources that answer your information question or problem  
6. This diagram was created by an information-literate student. Why do you think the 

student organized the information in this way? (select one of the following)  
• To make sense of the information and to effectively present it to others.  

7. A good information problem solver can (select one of the following)  
• All of the above  
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8. What questions should you ask at the beginning of an information task? (select one of the 
following)  

• All of the above  
9. A good information problem solver can (select one of the following)  

• All of the above  
10. A good information problem-solver can (select one of the following)  

• All of the above  
 
In your own words, what is the problem?  
 Response rating = [1 2 3 4 5—is the highest] 
In your own words, what information do you need to find to solve the problem?  
 Response rating = [1 2 3 4 5—is the highest] 
In your own words, list some skills that you believe are needed to solve this problem  
 Response rating = [1 2 3 4 5—is the highest] 
List some resource formats that you could use to solve the problem.  
 Response rating = [1 2 3 4 5—is the highest] 
Use your computer to help Nick. Write your solutions to his problem on this page. Make sure 
that you explain your solutions.  
 Response rating = [1 2 3 4 5—is the highest] 
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