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Skill shortages in the area of computer network troubleshooting are becoming increasingly 

acute. according to research sponsored by Cisco’s Learning institute, the demand for professionals 

with computer networking skills in the United States and Canada will outpace the supply of work-

ers with those skills by an average of 8 percent per year through 2011, amounting to a shortage of 

about 60,000 full-time workers each year [1]. this skill shortage is having a detrimental economic 

effect on the information technology (it) industry at large. Computer networking problem-solving 

or troubleshooting skills are critical to a network engineer’s work and are among the most desired 

skill areas demanded by prospective employers who are looking for entry level network engineers 

[23, 26]. however, teaching and assessing these skills effectively requires a hands-on approach 

so that each student is individually exposed to an entire network of several computers, network 

switches, and network routers. this is often problematic in face-to-face teaching contexts due to 

time, space, and cost considerations and even more problematic in distance learning contexts where 

students take courses and complete degrees totally online with no physical access to a computer 

networking lab. hence, the purpose of this study was to examine the usefulness of Computer-based 

Micro-Worlds (CbMW) in supporting the teaching and assessment of computer networking problem-

solving skills. 

Specifically, the researchers hypothesized that CbMW may provide (a) an economically viable 

method to overcome the difficulty and expense commonly faced when training students to become 

effective network engineers, and (b) a practical and widely accessible learning method that could 

help alleviate the skill shortage in the industry. in order to determine the viability of these hypotheses, 

this exploratory study examined student and instructor perceptions of the usefulness of CbMW in 

supporting the teaching and assessment of computer networking problem solving skills. Specifically, 
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the following research questions were investigated: 

1. do students and instructors think that traditional classroom learning can prepare students to 

cope with real-world computer networking problem-solving challenges?

2. do students and instructors think that CbMW can prepare students to cope with real-world 

computer networking problem-solving challenges?

3. do students and instructors think that traditional assessment methods can provide a fair and 

accurate measure of computer networking problem-solving skills?

4. do students and instructors think that CbMW can provide a fair and accurate measure of com-

puter networking problem-solving skills?

TheoReTIcal FRamewoRk

the teaching of computer networking is generally based on the concept of layered networked 

systems [15]. these layered network systems consist of hardware and software that interact to achieve 

end to end communication. One of the most commonly used models for teaching this concept is 

the international Standards Organization’s (iSO) seven layer model for Open System interconnec-

tion (OSi) [20]. the communication across these layers is facilitated by the use of different layer 

protocols such as internet Protocol (iP) or ethernet. generally higher level protocols such as iP are 

enveloped within lower level protocols such as ethernet. Matthews [15] reported on how he makes 

use of packet tracing software to capture all ethernet traffic on computer networks and then uses 

the contents of those packets to help his students learn about this layering process. 

two of the layers within the OSi model called the transport and network layers support a standard 

called transmission Control Protocol/internet Protocol (tCP/iP). tCP/iP can be used for the trans-

portation and routing of network information between computers using either a local area network 

(LaN) or a wide area network (WaN). a LaN generally consists of several computers all communi-

cating via a single network cable or switch. these LaNs will often cover the entire communication 

needs of a small office. For larger offices, however, several of these LaNs must be interconnected 

using routers. routers are computers that route computer network traffic (usually by using tCP/iP) 

to allow computers on two separate networks to communicate with each other [20]. 

in real world applications, it is common for a single building to have several LaNs connected by 

routers. routers within a building will generally link the internal networks to external WaNs to allow 

all the computers in the building to access the internet. in fact the internet is a WaN that commu-

nicates via tCP/iP. a network engineer’s job is to configure these network settings for a building. 

the network engineer has to know which computers are connected to which routers as well as how 

http://advances.asee.org


SPRING 2010 3 

advances in engineering education

student and instructor Perceptions of the usefulness of  

computer-Based Microworlds

the routers are physically connected to each other [20]. this troubleshooting process is specifically 

related to layer 3 of the OSi model which is most often implemented using the iP protocol. While 

Matthews’ [15]teaching focused on a broader overview of network layering and interaction, this study 

focused on the teaching and assessment of computer network configuration and troubleshooting 

within a single layer (layer 3) of the OSi model. 

in order to teach students these networking concepts in an authentic (hands-on) manner, it would 

entail providing each student with a building full of routers and computers. however the best at-

tempts at designing computer networking teaching labs generally involve setups that have only two 

computers connected to each other via a single router [3]. While these simplistic networks may be 

used to teach basic networking principles, it is difficult to use them to prepare students to solve the 

complex problems that can arise when several switches and routers have to be interconnected. a 

possible solution is to augment classroom experiences with CbMW to simulate complex networking 

situations that network engineers face in the real world. 

While other more complex computer network simulators are available, a CbMW is unique in that 

it models the complex concepts under study in a simplified or constrained representation system 

(i.e., a micro-world) making it easier for learners to focus on the most important principles and 

processes to be learned [17, 18, 19]. a more general computer network simulator is typically more 

complex and would require that students learn how to configure specific models of routers as well 

as specific models of network adaptors. additionally, a full scale computer network simulator would 

include the configuration and troubleshooting of all network layers in the OSi model whereas the 

CbMW designed for this study focuses on the configuration and troubleshooting of a single layer 

(layer 3) of the OSi model which is most often implemented using the iP protocol.

Jonassen, Carr & Yueh [13] describe CbMW as dynamic modeling tools that can act as exploratory 

learning environments or what they term “discovery spaces.” hannafin et al. [11] define a CbMW 

as representing the simplest case of a domain that is still recognizable by an expert in the domain. 

CbMW are used to help students investigate problems within specific subject areas that are difficult 

to experiment with in the real world due to time constraints or physical restrictions [4, 12]. Students 

learn how to set up environmental variables and parameters and then check their effects or impact 

in a simplified simulation of a real world situation. rieber [19] emphasized that CbMW help focus 

learners on the most important relationships or rules underlying the principles and concepts of the 

domain being studied which is very appropriate for computer networking problem-solving skills. in 

addition, CbMW may become more complex as the learner progresses in guided exploration from 

simple to more complex forms of the learning domain [9, 19]. 

Perhaps the most important feature of CbMW is that they involve active learning through hy-

pothesis testing. Learners generate a hypothesis and then test it using the programmed logic of 
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the CbMW to simulate reality. research has shown that the repeated generation and testing of 

hypotheses will result in learners building an increasingly accurate mental model of the learning 

situation thus providing them with the knowledge they will need to solve real world problems [17, 

19]. Jonassen [12] emphasized the usefulness of the hypothesis-testing feature of CbMW in the de-

velopment of critical thinking, and posited that improvements in a learner’s problem solving abilities 

in the constrained area investigated in a CbMW may transfer well to more general critical thinking 

skills that can be applied in other areas. 

additionally, previous research studies have indicated that CbMW can be effective instructional 

tools for real world and complex problem-solving skills such as those required by computer net-

working students [6, 8, 21]. For example, tao [21] recounts his use of a CbMW, Force and Motion, 

designed to teach the principles of Newtonian mechanics to 27 high school students. Students were 

tested on their knowledge of Newtonian mechanics before and after being exposed to the Force 

and Motion CbMW. the results of this study revealed that the greatest conceptual changes were 

observed in students who shifted back and forth between hypotheses by applying several different 

scientific concepts to their problem solving exercises. in addition, the results of this study revealed 

that students were very engaged in the CbMW and perceived it to be “easy to use” and that “it 

helped them learn the concepts being explored”.  

Niederhauser and Stoddart [16] greatly emphasize the importance of the open exploratory na-

ture of CbMW and argue that while they are constrained learning spaces, the openness of CbMW 

means that they do not teach a specific body of facts. rather, it is the learner who determines 

the questions being examined and the problems being explored. Funke [7] supported this notion 

and emphasized the role of mathematical modeling in the design of CbMW by stressing that the 

openness of CbMW is in large part due to the freedom with which the learner can interact with the 

control variables of a CbMW system. 

goldstone and Son [8] investigated the use of a CbMW called educational Field hockey (eFh) 

designed to help learners explore the physics of electrical interactions. Learners analyzed the effect 

of control strategies that they fed into the eFh by measuring how well the CbMW played the eFh 

game. the researchers then measured the physics knowledge acquired by students after they had 

been exposed to this CbMW. the results showed that knowledge transfer was not well supported 

when students were left to work with the CbMW without clear goals or problems to solve. Much 

higher learning gains were reported for students who used a guided exploration method while 

interacting with the CbMW. 

Fitzgerald and Semrau [6] investigated the use of CbMW in teaching a group of special educa-

tion instructors how to assess students with emotional and behavioral disorders. the CbMW used 

several student case studies and allowed the instructors to work with the subjects in the case studies 
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as if they were dealing with real world student problems. the study investigated several variables, 

including prior learner computer experience, prior learner teaching experience, and engagement 

time (total time working on each case study). although the findings did not show a relationship 

between the first two variables and the participants overall success with the CbMW outcomes, they 

did reveal a significant correlation between the third variable, engagement time, and participant 

success on the CbMW outcomes. 

these research studies clearly reveal the usefulness of CbMW in supporting the teaching of 

problem solving and critical thinking skills such as those required in the field of computer net-

working. the research presented also indicates that CbMW may be most effective when they are 

carefully designed to ensure openness to student exploration and hypothesis testing. Furthermore, 

the research suggests that learners using CbMW may benefit most when the micro-world is used 

within a supportive and well structured environment or guided exploration. the two CbMW devel-

oped for this study integrated several of these research implications. While the instructional goal 

of the CbMW developed for this study was to support the teaching and assessment of computer 

networking problem-solving skills in college courses, the purpose of this exploratory study was to 

examine student and instructor perceptions of the usefulness of CbMW in preparing students to 

cope with the complex challenges of computer networking troubleshooting skills when they enter 

the workplace.

meThod

Participants

Participants were community college it students (n 5 72) and computer networking course instruc-

tors (n 5 9). Students ranged in age from 18 to 70 years. average gPa was 3.4 and average number 

of prior computer networking classes taken by these student participants was 3.8. all computer 

networking course instructors at this postsecondary institution are required to have a minimum of a 

Master’s degree in a relevant subject area and two years industrial experience. Student and instructor 

participants originated from nine sections of the following four, semester-long (16 weeks) computer 

networking classes at the community college where the study took place: itN 200, Network admin-

istration, itN 245, Network Servicing, itN 208, tCP/iP, and itN 154, Networking Fundamentals. 

cBmw Structure and Functions

two, fully functional CbMW were developed to examine the research questions proposed in this 

study. both CbMW were developed to run under any Microsoft Windows operating system. the first 
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CbMW, the internet Protocol Learning Microworld (iPLM), simulates complex computer network 

environments and allows students to experiment with hardware (ethernet) connection changes as 

well as internet Protocol (iP) configurations. the second CbMW, the internet Protocol assessment 

Microworld (iPaM), is largely identical to the iPLM but incorporates minor changes that enhance 

its use as an assessment tool. 

More specifically, the iPLM has one main configuration screen for variable and data input (see 

Figure 1) and two main diagnostic screens (see Figure 2). the student begins using the iPLM by 

clicking and dragging the icons that represent computers, networking switches, and modems around 

a blank computer screen. the student can then use simulated cables to connect the virtual network 

cards in each simulated computer to simulated ports on the simulated network switches and mo-

dems. each of the simulated network cables is represented on the screen using a different color in 

order to avoid confusing which computer is connected to which port on which network switch. in 

addition to controlling how the equipment will be connected, the student can also configure the 

internet Protocol (iP) assignments for each simulated network card setup. Furthermore, the student 

Figure 1: Network Configuration Screen.
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can enable/disable and configure several simulated network services running on the simulated com-

puters. these include a simulated Web server service, a simulated domain name server (dNS) service, 

a simulated dynamic host configuration protocol (dhCP) service, and a simulated routing service.

Once the student has entered a network configuration, he or she can test the communication 

between the different computers on the network using a simulated Web browser (Figure 2) and a 

simulated command shell window (Figure 3) on each computer. the simulated command shell window 

can be used to enter standard network troubleshooting commands to test the various connections 

on the simulated network. additionally, if the computer running the iPLM CbMW has a connection 

to the internet, the student can configure a simulated wide area network (WaN) modem to provide 

access to the internet, in the same way that this kind of modem would provide internet access for 

a small office building in the real world. the student can then use the simulated command shell and 

Web browser to test communication between any of the computers in the CbMW and any real-world 

computers and/or internet sites. 

in addition, given the emphasis the literature places on the need for problem or task structure 

to aid both learning and transfer to real-world situations [2, 8], it was important that the iPLM be 

accompanied by a well-defined assignment framework. therefore, along with the CbMW software, 

the iPLM was packaged with a set of six increasingly complex computer network problem-solving 

tasks that students could select from. each of these problems contained a title such as dhCP Prob-

lem as well as textual description of the problem. For example, the first problem asks the learners 

to do little more than input a valid iP address to two PC desktop computers and then check that 

communication is possible between the computers. Subsequent problems increase in complexity 

Figure 2: Simulated Web Browser.
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Figure 3: Simulated Command Shell Window.

Figure 4: Example of Computer Network Troubleshooting Problem.
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such that the final problem involves eight PC desktop computers that must be correctly configured 

to make use of three iP subnets. each of the problems is assigned a difficulty level point score where 

1 point indicates an introductory level (easy) problem and 5 indicates an advanced level (difficult) 

problem. an example problem is shown in Figure 4.

Furthermore, the iPLM and iPaM were developed to promote guided exploration and experiential 

learning by modeling real-world computer network hardware and logic, allowing learner access to, 

and movement between equipment that would otherwise be bulky, cumbersome, and expensive. 

Furthermore, the iPLM and iPaM provide several emulated network services that run on the simu-

lated computers. these include: 

l a simple domain Name Service (dNS) server or the domain Controller Server.

l a simple Web server on the domain Controller Server.

l routing for internet Protocol (riP) service on each of the multi-homed servers.

l a simple dynamic host Configuration Protocol (dhCP) that can be configured and used as it 

would in the real world. 

in addition, the iPLM and iPaM meet more recently defined instructional characteristics of a 

CbMW in that they facilitate the user’s direct manipulation of the CbMW’s interface to support real-

world learning and problem solving by repeated hypothesis generation and testing in a compressed 

space and time context [4]. as part of the problem solving process, the student could dynamically 

make changes to iP configurations, network connections, or any of the simulated services in the 

iPLM CbMW and instantly test the effect of that change through the feedback received from the 

simulated command shell and simulated Web browser screens as depicted in Figures 2 and 3. this 

inherent design allows the learner to begin by building a simple network and progress into building 

increasingly complex networks consisting of multiple broadcast domains and real-world internet 

connectivity. the progression from simple to complex cases of the learning domain is an essential 

characteristic of a CbMW [17, 19]. it supports students’ incremental acquisition of problem-solving 

skills while facilitating both deductive and inductive reasoning. it also provides a learning path from 

the known to the unknown. Students start from simple networks that they understand and then 

build these into increasingly more complex networks. 

another characteristic of a CbMW is the ability to use it without instruction or guidance [17, 

19]. this is of course largely dependent on the background knowledge of the users. both the 

iPLM and iPaM were designed for students enrolled in networking classes and therefore these 

students have some prior networking knowledge enabling them to use these CbMW with little 

or no instruction. the CbMW also allow the instructor to prepare networks for troubleshooting, 

which not only contain incorrect iP settings but may also include simulated faulty network cables, 

faulty network cards, faulty switch ports, as well as faulty switches or a faulty WaN modem. the 
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instructor can therefore present students with authentic troubleshooting exercises as well as as-

sessment materials. 

the assessment CbMW (iPaM) is compatible with the teaching CbMW (iPLM) in that it can 

load configuration files created with the teaching CbMW. however, it differs from the teaching 

CbMW (iPLM) in that it does not allow users to view or configure the list of simulated faulty 

equipment. thus, the assessment CbMW, iPaM, more correctly reflects real-world situations 

where the student cannot rely on all of the computer hardware to function correctly and there-

fore must be able to diagnose equipment as faulty using the available troubleshooting tools 

within the CbMW.

measures

eight Likert scale type surveys were used to examine student and instructor perceptions of the 

usefulness of the CbMW in supporting the teaching and assessment of computer networking prob-

lem solving skills. Surveys 1 and 2 (iPS1 & iPS2) addressed the first research question of this study 

(participant perceptions of traditional computer networking teaching environments), surveys 3 and 

4 (iPS3 & iPS4) addressed the second research question (participant perceptions of the usefulness 

of the teaching CbMW, iPLM), surveys 5 and 6 (iPS5 & iPS6) addressed the third research question 

(participant perceptions of traditional computer networking assessment techniques), and surveys 7 

and 8 (iPS7 & iPS8) addressed the fourth research question (participant perceptions of the assess-

ment CbMW, iPaM). all survey questions were on a scale of 1-5 where 1 was Sd (Strongly disagree) 

and 5 was Sa (Strongly agree). the number of questions in a survey ranged from 8 to 20. See table 

1 for more specific survey descriptions and appendix for sample surveys.  

Student surveys also gathered demographic information as well as information on their com-

puter networking background knowledge and experience including the number of prior computer 

network classes taken. this data was later analyzed to determine if students’ prior networking ex-

perience may have had an impact on their perceptions of the usefulness of the iPLM in supporting 

their learning. instructor surveys also gathered their perceptions of their students’ skill levels when 

they started their course. 

Research design and Procedure

this study implemented a quasi-experimental research design. Students in 9 computer networking 

classes at a community college in the mid-atlantic region of the United States provided the context 

for this study. random assignment to research groups was not possible because group assignment 

was based on student class membership. however, the intact classes were randomly assigned to 

three research groups as follows: 
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Group One. two classes (2 instructors and 15 students) were not exposed to any CbMW software 

but were surveyed about their perceptions of the usefulness of traditional computer networking 

instruction and assessment (addressing research questions 1 & 3). 

Group Two. two classes (2 instructors and 19 students) were exposed to both the teaching (iPLM) 

and the assessment (iPaM) CbMW and participants were surveyed about their perceptions of the 

usefulness of these CbMW in supporting their learning and assessment of computer networking 

problem-solving skills (addressing research questions 2 & 4). 

Group Three. Five classes (5 instructors and 38 students) were exposed to the teaching CbMW 

(iPLM) but not the assessment CbMW. these participants were surveyed about their perceptions of the 

usefulness of the iPLM in supporting the development of computer networking problem-solving skills 

(addressing research question 2). additionally, these participants were surveyed to examine their per-

ceptions of the effectiveness of traditional assessment techniques (addressing research question 3). 

Students were exposed to the CbMW during the last four weeks of the semester and each of the 

three case study groups were asked to complete the appropriate surveys according to the time-

line depicted in table 2. Student exposure to the CbMW software was in addition to their regular 

computer networking coursework. all students continued to take part in their regular coursework 

which included lectures and any traditional hands-on laboratory classes that their instructors had 

planned. 

Table 1: Survey Descriptions.
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aNalySIS

descriptive statistics were calculated for all the survey data. in addition, two tailed t-tests were 

used to look for significant differences between perceptions of students who were exposed to 

the CbMW technology and those who were not, using applicable and corresponding items from 

the appropriate case study group surveys. t-tests were also used to compare survey responses of 

students who indicated they had more extensive computer networking experience with those who 

indicated they had less computer-networking experience to see if this variable had an impact on 

their perceptions of the CbMW technology. 

Furthermore, student engagement (number of computer networking problems attempted in the 

iPLM and number of hours spent using the iPLM) was analyzed to determine if there was a correla-

tion between this variable and student perceptions of the usefulness of the iPLM in supporting their 

learning. during each check for statistical significance, Levene’s test for equality of variances (F) 

was examined to see if equal variance should be assumed at the 95% confidence level. Cronbach’s 

alphas were computed to determine the internal reliability of the surveys administered. the results 

revealed a range from 0.60 to 0.96 for student and instructor surveys with one student survey (iPS1) 

Table 2: Procedure and Timeline.
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returning an alpha of 0.49 and one instructor survey (iPS8) returning a negative alpha due to small 

sample size and lack of variance. 

ReSulTS

Overall, the results of this study revealed that students and instructors had a neutral perception 

of the usefulness of traditional classroom teaching and assessment methods in preparing students 

to cope with real-world computer network problem-solving skills and challenges. Contrastingly, 

students and instructors exposed to the CbMW expressed significantly higher (above average) 

perceptions of the usefulness of CbMW in (a) preparing students to cope with real-world computer 

networking problem-solving challenges than traditional learning alone, and (b) in assessing stu-

dents’ knowledge of computer networking problem solving skills more fairly and accurately than 

traditional assessment methods. Further elaboration is provided by research question and type of 

participant (student or instructor). 

Research Question one

Student perceptions. the first of the four research questions investigated in this study was “do 

students and instructors think that traditional classroom learning can prepare students to cope with 

real-world computer network problem-solving challenges?” Students in this research study group 

(group one) did not rate their traditional learning environments highly (see table 3). For example, 

the mean response to question one of iPS1 “has your experience in the classroom helped prepare 

you to solve real-world computer networking problems?” was 2.9, which is below option 3 on the 

Likert scale (“it helped some”). Of the 15 students surveyed, only two responded with option 4 (“very 

helpful”) and none responded with “extremely helpful” (option 5). Similarly, the mean response to 

question six of iPS1 “in general, did you think that the equipment in your class was useful for helping 

students learn networking problem-solving skills?” was 2.8, indicating a less than average percep-

tion of the usefulness of traditional teaching environments in supporting the learning of computer 

networking skills. 

analysis of this group’s response to question four “how was your class taught?” indicated that 

on average students believed they were taught using 80% - 100% lecture style with less than 20% 

laboratory time (M 5 1.8, see table 3). Furthermore, a mean response of 2.7 was calculated for ques-

tion 3 of iPS1, “did you fell that you got enough hands-on computer experience in the classroom?” 

(See appendix & table 3) indicating that students were not satisfied with the degree of hands-on 

experience they received in the classroom. this result corresponds with the result for question 6 of 
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iPS1 (M 5 2.8) indicating that students did not express high levels of satisfaction with the effective-

ness of the classroom equipment in preparing them to solve real-world troubleshooting problems 

even though these classes were taught in labs that were designed especially for teaching advanced 

computer networking courses, perhaps representing the best physical hardware that could reason-

ably be made available.

Instructor perceptions. instructor survey responses for this group (group one) were mixed (see 

table 4). in response to question eight (Q8) of iPS2 “in general, do you think that the current equip-

ment in your class was useful for helping students to learn networking problem-solving skills?”, one 

instructor responded with a rating of 1, indicating strong dissatisfaction, and the other responded 

with a rating of 4, indicating high satisfaction. the instructors were using identical equipment. Not 

surprisingly, their responses to Q1 of iPS2, “do you feel that your classroom work helped prepare 

your students to solve real-world computer networking problems?” and Q7 of iSP2 “how would 

you describe your typical student’s networking problem-solving abilities after they complete your 

class?” resulted in a mean of 3.5 for each question indicating an above average perception of the 

usefulness of traditional teaching environments in supporting the teaching of computer networking 

problem solving skills. 

Research Question Two

this question examined whether participants thought that the iPLM CbMW (the teaching CbMW) 

can prepare students to cope with real-world computer networking problem-solving challenges. 

Survey data from participants in research groups two and three (those exposed to the iPLM) were 

compared to survey data from research group one using t-tests. 

Student perceptions. Mean values on the two survey items that specifically addressed this re-

search question in each of the student surveys (items 1&3 from iPS1 and items 1&6 from iPS3, see 

appendix) were 3.6 for the iPLM groups and 2.9 for group one; and 4.5 for the iPLM groups and 

2.8 for group one respectively (see tables 3 & 5). these results were statistically significant at the 

Table 3: Descriptive Statistics IPS1, Learning Survey, No IPLM Exposure, Students.
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95% confidence level (t 5 2.15 & t 5 6.30) supporting the hypothesis that students exposed to the 

iPLM CbMW felt better prepared to solve real-world computer networking problems than students 

in the classes that were not exposed to the iPLM. additionally, students exposed to the iPLM re-

ported stronger confidence in the CbMW’s ability to help them develop their computer networking 

problem-solving skills compared to the level of confidence that students in group one expressed in 

the ability of traditional teaching environments in helping them develop their computer networking 

problem-solving skills. 

the results were further examined to determine if the demographic data could have had an 

impact on students’ perceptions of the iPLM. interestingly, when compared to students in group 

Table 4: Descriptive statistics for IPS2, Learning Survey, No IPLM Exposure, Instructors.

Table 5: Descriptive statistics for IPS3, Learning Survey, IPLM Exposure, Students.
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one, students in groups 2 and 3 rated themselves significantly higher (t 5 3.28 & t 5 3.0) on both 

their prior knowledge of general networking terms and their prior computer networking problem-

solving skills (question 7 in iPS1 & question 9 in iPS3) (see appendix). this difference in rating of 

prior knowledge could be attributed to students’ exposure to the iPLM (i.e., the hawthorne effect) 

because other demographic data such as the number of prior classes taken by students in the 

groups examined showed no significant difference. this difference could also be attributed to the 

non random assignment of individual students to research groups. 

With respect to the usefulness of the learning environment in helping students develop an under-

standing of general networking concepts, the results revealed more comparable means (M 5 3.6 &  

M 5 3.5) across the research groups that were exposed to the iPLM (groups 2 & 3) and those 

that were not (group 1). Question 2 in iPS1 and question 3 in iPS3 (see appendix) were used to 

compute this data. this finding aligns with the expectation that while CbMW may be better at 

developing learners’ complex problem solving skills, they are not necessarily better than tradi-

tional learning environments in developing learner understanding of more general or conceptual 

subject matter [5].

With respect to the effect of engagement time (question 1, iSP3) (see appendix), responses of 

students who were exposed to the iPLM and had used it for less than five hours were compared to 

responses of students who were exposed to the iPLM and had used it for more than five hours. a 

statistically significant difference was found in students’ perceptions of how the iPLM helped develop 

their problem-solving skills (,5 hours, M 5 3.2; .55 hours, M 5 3.9; t 5 2.47). 

Instructor perceptions. Survey results of instructors who were exposed to the iPLM (n 5 7) were 

compared to survey results of instructors who were not exposed to the iPLM (n 5 2). While this 

is a small sample size with subsequent vulnerability to both type one and type two errors, some 

statistically significant differences were found across these two groups. the instructors exposed to 

the iPLM were asked “in general, do you think this kind of tool is useful for helping students learn 

networking problem-solving skills?” the instructors who were not exposed to the iPLM were asked 

“in general, do you think that the current equipment in your class was useful for helping students 

learn networking problem-solving skills?” 

the mean scores on these survey items were 4.9 and 2.5 respectively which was statistically 

significant (t 5 3.36) (see table 6, Q11 & table 4, Q8). in addition, instructors exposed to the iPLM 

were asked, “how well do you think the CbMW has helped prepare your students to solve real-world 

computer networking problems?” and those not exposed to the CbMW were asked, “do you feel 

that your classroom work helped prepare your students to solve real-world computer networking 

problems?” the mean scores on these survey items were 3.6 and 3.5 respectively which was not 

found to be statistically significant. 

http://advances.asee.org


SPRING 2010 17 

advances in engineering education

student and instructor Perceptions of the usefulness of  

computer-Based Microworlds

Research Question Three

the third research question of this study was “do students and instructors think that traditional 

assessment tools can provide a fair and accurate measure of computer networking problem-solv-

ing skills?” in order to answer this question, the survey data from all students and instructors not 

exposed to the iPaM CbMW (groups 1 and 3) was examined. the surveys used were student survey 

iPS5 and instructor survey iPS6.

Student perceptions. Students in the traditional assessment groups were asked “do you think 

that the current equipment in your class is sufficient for assessing your networking problem-solving 

skills?” the mean response was 3.0 (“acceptable”) (See table 7, Q7). they were also asked “how 

accurately do you feel that your classroom assessments are able to measure your ability to solve 

real-world computer networking problems?” the mean response was 2.7 (between “reasonably 

accurate” and “Not Very accurate”) (See table 7, Q1).

Instructor perceptions. instructors (n 5 7) who were not exposed to the assessment CbMW (iPaM) 

showed a high level of agreement (M 5 4.1) when asked how important they felt it was to assess 

problem-solving skills (see table 8, Q6). however, when asked if they made a specific effort to as-

sess problem solving skills (see table 8, Q4), the mean response was lower (M 5 3.1). the majority of 

these instructors indicated that their students had been assessed 100% by written examination. One 

instructor indicated using 80% written examination and 20% practical or performance-based assess-

ment, one instructor did not respond, and one instructor indicated using 80% performance-based 

Table 6: Descriptive statistics for survey IPS4, Learning Survey, IPLM Exposure, 

Instructors.
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assessment and 20% written examination. the mean response to Q1 (see table 8) “how accurately 

do you feel that your classroom assessments are able to measure your students’ ability to solve 

real-world computer networking problems?” was 3.1 (slightly above “reasonably accurately”). 

Research Question Four

the fourth of the four research questions this study investigated was “do students and instruc-

tors think CbMW can provide a fair and accurate measure of computer networking problem-solv-

ing skills?” descriptive statistics for the survey responses from the students and instructors who 

were exposed to the assessment CbMW were examined and compared to the survey responses of 

students and instructors who were not exposed to the assessment CbMW (see tables 7, 8, 9, & 10). 

these results were examined for statistical significance using t-tests. 

Student perceptions. the students surveyed were asked two main questions to measure their 

perceptions of the effectiveness of iPaM as a tool for assessing problem-solving skills. the first 

question asked generally if students thought that CbMW are useful tools for assessing problem-

solving skills and the second question asked whether students felt that their problem-solving skills 

had been fairly assessed by the iPaM tool. Corresponding questions were asked of students not 

exposed to iPaM. Perceptions of students who were exposed to iPaM were compared to perceptions 

of students who were assessed using traditional methods. results revealed that students exposed 

to iPaM expressed significantly higher satisfaction (t 5 5.67) with the appropriateness of iPaM  

(M 5 4.5) in assessing their computer networking problem solving skills compared to those assessed 

by traditional methods (M 5 3.0). 

With respect to fairness, students exposed to iPaM were asked “do you think that this kind of 

assessment fairly measured your real-world problem-solving skills?” alternatively, those assessed 

using traditional measures were asked “how accurately do you feel that your classroom assessments 

are able to measure your ability to solve real-world computer networking problems?” the results 

revealed that students exposed to iPaM expressed a significantly higher level of satisfaction with 

Table 7: Descriptive statistics for IPS5, Assessment Survey, No IPAM Exposure, Students.
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the fairness of iPaM (M5 4.1; t 5 4.82) compared to students who were assessed using traditional 

methods (M52.8) (see table 7, Q1 & table 9, Q2).

Instructor perceptions. in order to measure instructor perceptions of iPaM, the instructors who 

were exposed to iPaM (n52) were asked “in general, do you think this kind of tool is useful for as-

sessing networking problem-solving skills?” instructors not exposed to iPaM (n 5 7) were asked 

“in general, do you think that the current equipment in your class was sufficient for assessing your 

students’ networking problem-solving skills?” results revealed that instructors exposed to the iPaM 

expressed a significantly higher perception of its usefulness as an assessment tool (M 5 5.0; t 5 

4.0) compared to the instructors using traditional assessment methods (M 5 3.1) (see table 10, Q12 

& table 8, Q7). 

in addition, instructors’ perceptions of how fairly their students’ computer networking prob-

lem-solving skills were assessed by iPaM were compared to instructors perceptions of how fairly 

Table 8: Descriptive Statistics for IPS6, Assessment Survey, No IPAM Exposure, Instructors.

Table 9: Descriptive statistics for IPS7, Assessment Survey, IPAM Exposure, Students.
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traditional assessment methods measured their students’ computer networking problem-solving 

skills. instructors exposed to iPaM were asked “do you think that this kind of assessment fairly 

measured your students’ real world problem-solving skills?” instructors not exposed to iPaM 

were asked “how accurately did you feel that your classroom assessment methods measured 

your students’ abilities to solve real-world computer networking problems?” the results revealed 

a mean response of 4.5 for instructors exposed to the iPaM (n 5 2) and a mean response of 3.1 

for instructors using traditional assessment methods (n 5 7). the difference was not statistically 

significant (see table 10, Q2 & table 8, Q1). 

dIScuSSIoN

the results of this exploratory study provide strong support to the argument that CbMW 

can be perceived as useful, inexpensive tools that facilitate the development of computer 

networking problem-solving skills in community college students. the results revealed that 

overall, students and instructors perceived CbMW to be more useful than traditional learning 

environments in supporting the teaching and assessment of computer networking problem-

solving skills. these findings are consistent with previous research cited in this paper [4, 17, 

19, 10, 12], which showed that CbMW are more effective for developing complex skills such as 

problem-solving and critical thinking rather than factual knowledge. these findings are also 

consistent with research that revealed a significant relationship between student satisfaction 

Table 10: Descriptive statistics IPS8, Assessment Survey, IPAM Exposure, Instructors.
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in their perceived computing ability and satisfaction in their perceived analytical and problem 

solving skills [24].

additionally, while the results of this study revealed no significant differences between the number 

of prior classes taken (i.e., background knowledge), and the perceived benefits of the CbMW, the 

results did reveal a significant correlation between time spent using the CbMW and its perceived 

benefits. this finding supports the work of Fitzgerald and Semrau [6] who found that learning ben-

efits from CbMW is more a function of the time spent using the CbMW rather than the background 

experience of the learner. the results of this study also provided strong support for the argument 

that CbMW may be perceived as a more accurate assessment tool for computer networking problem 

solving skills than traditional assessment methods. this finding is particularly significant in that it 

shows that CbMW may be more effective assessment tools than other authentic or outcome based 

assessments [22]. 

Overall, the results of this exploratory study support the feasibility, practicality, and usefulness of 

using computer-based CbMW to teach and assess complex computer networking problem-solving 

skills. the ongoing shortage of skilled employees in computer network troubleshooting has been 

worsened by the associated difficulties and expense of effectively training new employees in this 

technical area. as described earlier, this is a significant problem affecting the growth of industry 

and commerce in the United States and other countries. CbMW such as the ones investigated in 

this study are affordable and economical instructional tools or technologies that allow instructors 

to place greater emphasis on teaching real-world computer network problem-solving skills by pro-

viding learners with a genuine hands-on real-world problem-solving experience to better prepare 

them for the workplace. 

however the results of this study should be treated with caution. First, the lack of true random 

assignment weakens the external validity of the findings and prevents the generalization of these 

results to the general population. Second, the reliability of the research design is somewhat weakened 

by the small samples sizes in some of the research groups. this is particularly true of the instructor 

surveys. third, the reliability index of iPS1, the survey that measured student perceptions of how well 

traditional teaching methods helped to develop their computer networking problem-solving skills 

was below the accepted 0.60 Cronbach alpha level [14]. additionally, the reliability index of iPS8, 

the survey that measured instructor perceptions of how fairly and accurately the iPaM CbMW was 

able to evaluate their students’ computer networking problem-solving skills could not be calculated 

due to the small sample size and lack of variance. therefore, more research is needed to validate 

the reliability of those surveys and subsequently the related results. despite these limitations, the 

findings of this study can be considered valid in that they successfully measured both student and 

instructor perceptions within the context of a quasi-experimental exploratory case study. 
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this study was not designed to quantitatively measure the degree to which CbMW are useful 

tools; rather, this study set out to measure the perceptions of students and instructors towards 

the usefulness of using CbMW to teach and assess computer networking problem solving skills. it 

is hoped that this study has provided significant insight about these perceptions from a relatively 

high number of participants (72 student survey respondents) so as to encourage conducting more 

empirical research in this area. 

ReFeReNceS

[1] anderson, C., Lee, S., and M. kolding. “Networking skills in North america: trends, gaps, and strategies.” White 

Paper, May 2008, Cisco Learning Institute Website, <http://www.ciscolearning.org/files/evaluation_resources/network-

ing-skills-in-north-america.pdf>, accessed March 13, 2009.

[2] Conati C., and k. VanLehn. “toward computer-based support of meta-cognitive skills: a computational framework 

to coach self-explanation.” International Journal of Artificial Intelligence in Education, 11: 389–415, 2000.

[3] Corbesero S. g. “teaching system and network administration in a small college environment.” Journal of Comput-

ing Sciences in Colleges, 19(2): 155–163, 2003.  

[4] dabbagh, N., and b. bannan-ritland. Online learning: Concepts, strategies, and application. Upper Saddle river, 

N.J.: Prentice hall, 2005.

[5] driscoll, M. Psychology of learning for instruction. boston: allyn and bacon, 2000.

[6] Fitzgerald, g., and P. Semrau. “Construction and evaluation of an intelligent novice learner microworld: Path analy-

ses and learning outcomes.” Paper presented at the annual meeting of the American Educational Research Association 

(aera), 1997, <http://tiger.coe.missouri.edu/vrcbd/pdf/aera97CO.PdF>, accessed October 2005. 

[7] Funke, J. “Microworlds based on linear equation systems: a new approach to complex problem solving and experi-

mental results.” in The Cognitive Psychology of Knowledge. North-holland: elsevier Science. g. Strube, k.F. Wender, 1993.

[8] goldstone, r., and J. Son.”the transfer of scientific principles using concrete and idealized simulations.” Journal 

of the Learning Sciences, 14(1): 69–110, 2005.

[9] gonzalez, g., Vanyukov, P., and M. Martin. “the use of microworlds to study dynamic decision making.” Computers 

in Human Behavior, 21: 273–286, 2004.

[10] gredler M. e. “games and simulations and their relationship to learning.” in Handbook of Research on Educational 

Communications and Technology. New York: Macmillan. d.h. Jonassen, 1996.

[11] hannafin, M. J., hannafin, k. M., hooper, S. r., rieber, L. P., and a.S. kini. “research on and research with emerg-

ing technologies.” in Handbook of Research on Educational Communications and Technology. New York: Macmillan. d.h. 

Jonassen, 1996.

[12] Jonassen, d. h. “toward a design theory of problem solving.” Educational Technology Research and Develop-

ment, 48(4): 63–85, 2000.

[13] Jonassen, d. h., Carr, C., and h.P. Yueh. “Computers as mindtools for engaging learners in critical thinking.” Tech 

Trends, 43(2): 24–32, 1998.

http://www.ciscolearning.org/files/evaluation_resources/networking-skills-in-north-america.pdf
http://www.ciscolearning.org/files/evaluation_resources/networking-skills-in-north-america.pdf
http://tiger.coe.missouri.edu/vrcbd/pdf/AERA97CO.PDF
http://advances.asee.org


SPRING 2010 23 

advances in engineering education

student and instructor Perceptions of the usefulness of  

computer-Based Microworlds

[14] Litwin, M.S. how to assess and interpret survey psychometrics. The Survey Kit Series, Vol. 8. thousand Oaks, Ca: 

Sage Publications, 2002. 

[15] Matthews, J. “hands-on approach to teaching computer networking using packet traces.” Proceedings of the 

ACM SIGITE Conference, 361-367, 2005.

[16] Niederhauser, d., and t. Stoddart. “instructors’ instructional perspectives and use of educational software.” Teach-

ing and Instructor Education, 17(15): 31, 2001. 

[17] rieber, L. P. “Microworlds.” in Handbook of Research on Educational Communications and Technology. New York: 

Macmillan. d.h. Jonassen, 1996.

[18] rieber, L. P. “Seriously considering play: designing interactive learning environments based on the blending of 

microworlds, simulations, and games.” Educational Technology Research and Development, 44(2): 43–58, 1997.

[19] rieber, L. P. “Microworlds.” in Handbook of Research on Educational Communications and Technology (2nd edi-

tion). Mahwah, NJ: Lawrence erlbaum associates. d.h. Jonassen, 2004.

[20] rybaczyk, P. Internet plumbing handbook. San Jose, Ca: Novell Press, 1998.

[21] tao, P. k. “Confronting students’ alternative conceptions in mechanics with the Force and Motion Microworld.” 

Computers in Physics, 11(2): 199–207, 1997.

[22] tam, M. “Constructivism, instructional design, and technology: implications for transforming distance learning.” 

Educational Technology and Society, 3(2): 50–60,2000.

[23] tesch, d.b., braun, g.F., and e.a. Crable, e.a. “an examination of employers’ perceptions and expectations of 

information systems entry-level personal and interpersonal skills.” Information Systems Education Journal, 6(1): 1-16, 2008. 

<http://isedj.org/6/1/iSedJ.6(1).tesch.pdf>

[24] Wolk, r.M. “how important is student computing ability? the role of information technology competence 

in business school accreditation.” Information Systems Education Journal, 6(39): 1-16, 2008. <http://isedj.org/6/39/

iSedJ.6(39).Wolk.pdf>

[25] Yin, r. Case study research: Design and methods (2nd edition). thousand Oaks, Ca: Sage Publications, 1994.

[26] Zeng, F. “a new approach to integrate computer technology certifications into computer information system 

programs.” Proceedings of the American Society for Engineering Education Annual Conference and Exposition, 2004, 

<http://soa.asee.org/paper/conference/paper-view.cfm?id=19796>. 

auThoRS

Nada dabbagh is an associate professor of instructional design and technology (idt) at 

george Mason University in Fairfax Virginia. She has a b.a. in Mathematics from iona College, 

an M.S. in Math Methodology and Operations research from Columbia University, and a Ph.d. 

in instructional Systems from the Pennsylvania State University. her research focuses on the 

cognitive consequences of technology mediated learning tasks with the goal of understanding 

the cognitive and design characteristics of task structuring as the basis for effective learning 

designs. 

http://isedj.org/6/1/ISEDJ.6(1).Tesch.pdf
http://isedj.org/6/39/ISEDJ.6(39).Wolk.pdf
http://isedj.org/6/39/ISEDJ.6(39).Wolk.pdf
http://soa.asee.org/paper/conference/paper-view.cfm?id=19796
http://advances.asee.org


24 SPRING 2010

advances in engineering education

student and instructor Perceptions of the usefulness of  

computer-Based Microworlds

mark Beattie is a professor of information technology (it) at Northern Virginia Community Col-

lege in annandale, Virginia. he has a b.S. and an M.S. in information technology from the University 

of glasgow, a Certificate in education from the University of Strathclyde, and a doctor of arts in 

Community College education from george Mason University. his research focuses on the use of 

computer-based microworlds in supporting the teaching and assessment of computer networking 

problem solving skills.

http://advances.asee.org


SPRING 2010 25 

advances in engineering education

student and instructor Perceptions of the usefulness of  

computer-Based Microworlds

http://advances.asee.org


26 SPRING 2010

advances in engineering education

student and instructor Perceptions of the usefulness of  

computer-Based Microworlds

http://advances.asee.org


SPRING 2010 27 

advances in engineering education

student and instructor Perceptions of the usefulness of  

computer-Based Microworlds

http://advances.asee.org

	Button 4: 
	Page 1: Off

	Button 7: 
	Page 2: Off
	Page 4: 
	Page 6: 
	Page 8: 
	Page 10: 
	Page 12: 
	Page 14: 
	Page 16: 
	Page 18: 
	Page 20: 
	Page 22: 
	Page 24: 
	Page 26: 

	Button 8: 
	Page 3: Off
	Page 5: 
	Page 7: 
	Page 9: 
	Page 11: 
	Page 13: 
	Page 15: 
	Page 17: 
	Page 19: 
	Page 21: 
	Page 23: 
	Page 25: 
	Page 27: 



