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Problem -Based Learning Instruction Versus T raditional Instruction on Self- 
D irected Learning, M otivation, and Grades o f  U ndergraduate Com puter Science 
Students

Thesis directed by A ssociate Professor Ellen Stevens

A BSTRA CT

A problem -based learning (PBL) teaching m ethod was com pared w ith a 

traditional lecture-based teaching m ethod to determ ine the effects on 

undergraduate C om puter Science (CS) students' self-directed learning (SDL) and 

program m ing assignm ent grades. An integrated construct o f  SDL included a)

SDL readiness b) SDL skills, c) SDL perform ance, and d) students' course 

m otivation.

Q uasi-experim ental designs were used to com pare a PBL teaching m ethod 

and a traditional lecture-based m ethod in two sections o f  a C S l course taught by 

the same instructor. Each o f  the SDL com ponents and grades were m easured for 

students experiencing traditional instructional m ethods and problem -based 

learning m ethods. Readiness w as m easured with the Self-D irected Learning 

R eadiness Scale, skills w ith the M otivated Strategies for Learning 

Q uestionnaire-Part B, perform ance w ith tim e spent on SDL tasks, and course 

m otivation with the M otivated Strategies for Learning Q uestionnaire-Part A. The 

grade m easurem ent was the course instructor's percentage score given to 

students' program m ing assignm ents.

Results showed that the effect o f  teaching m ethod was statistically 

significant for the SDL perform ance m easure with the PBL section
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dem onstrating greater perform ance. The effect o f  teaching m ethod was not 

significant on SDL readiness, skills o r course m otivation measures. A lack o f  

statistical differences betw een the two m ethods for these measures was attributed 

to no effect o f  PBL on students' SDL or small sam ple size resulting in reduced 

statistical pow er or lack o f  student engagem ent in PBL resulting in ineffective 

treatm ent.

The effects o f  m ethod, tim e, and m ethod x tim e interaction w ere significant 

on the grades measure. The traditional teaching m ethod group had higher grades 

than the PBL group. Both teaching methods exhibited declining grades over time. 

Factors such as increased difficulty  o f  assignm ents and stricter grading schem es 

over tim e or differing characteristics o f  group m em bers such as prior CS 

know ledge, age, time spent on  assignm ents, and com peting em ploym ent and 

other course dem ands w ere identified.

Recom mended future study includes im proved measures o f  students' SDL 

practices rather than studen ts' ow n perceptions, assessm ent o f  student practice o f  

PBL, and qualitative study o f  students' m otivation and SDL perform ance.

This abstract accurately represents the content o f  the candidate 's thesis. I 

recom m end its publication.

Sianed

Ellen Stevens
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CHAPTER 1

INTRODUCTION

Purpose

Com puter Science graduates need strongly developed problem -solving 

skills, collaboration skills, and self-directed learning abilities to be successful 

professionals in the w orkforce (H artm an & W hite, 1990; Shaw, 2000). Once on 

the job, software developers need to continually update their knowledge to 

rem ain com petent in a world o f  rapid growth and change. Since constant formal 

education by itself is often im practical for these continual learning challenges, 

graduates who also develop self-directed learning skills will be better prepared to 

respond to change than those who do not (Pomberg, 1993).

U ndergraduate C om puter Science education focuses on the technical 

aspects but m ay inadequately prepare students for continued self-directed 

learning (Shaw. 2000). The typical undergraduate curriculum  includes 

coursew ork covering such topics as programm ing, algorithm s, data structures, 

softw are design, concepts o f  program m ing languages, com puter organization, 

and com puter architecture (Com puting Science Accreditation Board, 2001). 

A cadem ia and industry (Shaw . 1976) recognize deficiencies in com m unication

1
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skills, collaborative skills and problem -solving skills (H artm an & W hite, 1990; 

National Science Foundation Advisory Com m ittee. 1998). Undergraduates must 

experience these “ soft” skills as well as the technical or “hard” skills (W ilson. 

Hoskin. & Nosek. 1993).

Providing these additional skills is necessary if  C om puter Science 

graduates are to be successful and com petent in this ever-changing profession. 

Hartman (1990) suggested, ” ... the two m ost im portant skills w hich a [Com puter 

Science] student em barking on his career can have are com m unication skills and 

problem  solving skills. W ithout either o f  these things he is doom ed to failure, or, 

at best m ediocrity” (p. 216). Shaw (2000) added. " . . .  traditional [Com puter 

Science] education m akes scant provision for helping students keep their 

know ledge current” and that " .. .  pressures on educational institutions will 

require changes in w hat we teach softw are developers and how we teach it” (p. 

373). Therefore, helping students becom e better self-directed learners must be a 

priority for C om puter Science educators.

Traditional teacher-centered instruction using lecture and outside o f  class 

program m ing assignm ents do little to foster soft skills developm ent. Problem - 

based learning, on the other hand, as a teaching technique could be a natural 

extension to m any existing Com puter Science courses w here program m ing 

assignm ents are the norm. Problem -based learning provides opportunities for 

both collaborative learning and the developm ent o f  problem -solving skills
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(Cockrell. Hughes Caplow, & Donaldson. 2000; Jonassen & Kwon, 2001; 

K oschm ann. Kelson, Feltovich. & Barrows. 1996). There are claims that 

problem -based learning also develops self-directed learners (Barrows, 1994). 

W hile this relationship seem s logical, specific research on the influence o f 

problem -based learning teaching techniques on students' self-directed learning is 

needed.

Students taught w ith problem -based learning are better able to apply their 

know ledge (Schmidt, 1983). are better problem  solvers (Albion & G ibson, 1998; 

V em on & Blake, 1993). and develop better com m unication skills (Lieux, 1996). 

However, a question rem ains concerning self-directed learning: W hat is the 

influence o f  problem -based learning on students’ self-directed learning? This 

question suggests the overarching topic for this research. Furtherm ore, this w ork 

focuses specifically on the use o f  problem -based learning teaching m ethods for 

undergraduate C om puter Science education. The conceptual fram ew ork in the 

following section situates this study within the context o f  developing better self­

directed learners w hile using problem -based learning. (Detailed discussions o f  

problem -based learning and self-directed learning are found in chapter 2.)

Conceptual Fram ew ork

The conceptual fram ew ork provides a context for the research and the basis 

for each research question. The fram ework describes self-directed learning as an

3
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integrated construct located both  w ithin and separate from  problem -based 

learning.

Educating prospective com puter scientists requires a m ore holistic 

approach than m erely teaching the principles and practices o f  the profession. The 

failures and shortcom ings o f  m any graduates often result from poorly developed 

“ soft" skills rather than from deficiencies in the principles o f  C om puter Science 

(Hartm an & W hite, 1990). The more notable soft skills students need are 

problem solving, collaborative skills, well-developed com m unications skills, and 

self-direction (Shaw. 2000).

A new approach to C om puter Science education should provide both the 

domain know ledge as well as opportunities to learn and develop these soft skills. 

With this goal comes the question: "H ow  can we teach the core body o f  

knowledge while, at the sam e time, developing better self-directed learners?" As 

Shaw (1976) suggested, one possible solution involves our teaching methods. W e 

should em ploy m ethods that give students opportunities to develop their self­

directed learning, develop their com m unication skills, becom e more 

accom plished problem  solvers, and learn the subject matter. Problem -based 

learning teaching methods m ay offer specific solutions to this conundrum.
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Problem -Based Learning

Problem -based learning is defined as an instructional technique that uses 

ill-defined, com plex problem s as the im petus for learning (Barrow s, 1994: 

Koschm ann et al„ 1996; Ram , 1999). Students collaboratively define learning 

issues, define and use learning resources, and share acquired know ledge with the 

guidance o f  a tutor/facilitator. Students create solutions for the problem . Plenary 

sessions foster review  and reflection upon the learning as well as the problem - 

based learning process itself. Problem -based learning provides experience in 

problem  solving, collaborative work, self-direction, and teaches students subject 

m atter content.

Problem -based learning m ethods develop problem -solving skills while they 

also teach students the subject m atter. Furtherm ore, problem -based learning uses 

collaborative learning, thus providing valuable experience w ith another critical 

soft skill. Problem -based learning also uses specific self-directed learning skills 

noted as the "skills" com ponent o f  self-directed learning in Figure 1.1. Skills 

such as problem  recognition and learning resource identification and acquisition 

that are used during problem -based learning (Barrows, 1994) are also used by 

self-directed learners (Rutland & G uglielm ino. 1987). These additional aspects 

are illustrated in Figure 1.1.
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Figure l . l  Problem -Based Learning Teaching Strategy
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The nature o f  the activities in problem -based learning suggests that the use 

o f  problem -based learning teaching m ethods should have a positive influence on 

the developm ent o f  self-directed learning skills. O ther facets o f  self-directed 

learning such as readiness, actual perform ance, and m otivation m ay also be 

affected by the use o f  problem -based learning.

Self-D irected Learning

Self-directed learning has m any descriptions. It is recognized as an 

instructional m ethod (Knowles, 1975), a personality attribute o f  the learner 

(Brockett & Hiem stra, 1991; Candy, 1991; Hiemstra, 1992). o r a  process for 

learning (K nowles. 1975). K nowles defined self-directed learning as "a process 

in w hich individuals take the initiative, w ith or w ithout the help o f  others, to 

diagnose their learning needs, form ulate learning goals, identify resources for 

learning, select and im plem ent learning strategies, and evaluate learning 

outcom es” (1975, pg.18). Candy (1991) com bines both the personal attributes o f  

personal autonom y and self-m anagem ent w ith the learning activities o f  self- 

instruction and leam er-control to describe self-directed learning. Grow (1991b) 

defines self-directed learners w ithin  an  institutional setting as "those who, w ithin 

a teacher-controlled setting, take greater charge o f  their own motivation, goal- 

setting, learning, and evaluation” (p. 203). Any com prehensive definition should
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recognize both the personal attribute and the instructional method since they are 

related and inseparable (Pilling-Corm ick, 1996).

Synthesizing these view s reveals self-directed learning as a com bination o f 

capabilities and m otivations o f  the learner. A n integrated definition o f  self­

directed learning is key to understanding w hat is necessary to be a self-directed 

learner. A ny such view  m ust include the following four com ponents: 1) traits o f  

the learner that reflect on his or her propensity toward self-directedness (or 

readiness). 2) capabilities o r skills o f  the learner to undertake a self-directed 

project, 3) the actual perform ance (behaviors) o f  the process o f  undertaking the 

self-directed learning project, and 4) the ind iv idual's  m otivation tow ard the 

learning project. Figure 1.2 illustrates the integrated construct for self-directed 

learning. The psychological/personal com ponent is the individual's readiness for 

self-directed learning. T he skills include both  basic learning skills and those 

necessary for conducting a self-directed learning activity such as defining 

learning goals, finding the necessary resources, conducting the learning 

activities, and self-assessing the process and learning. Perform ance/behavior is 

the com ponent that represents the actual doing self-directed learning. A 

propensity tow ard self-directed learning (readiness) and having the skills to 

conduct self-directed learning do not m ake one a self-directed learner. However, 

it is the actual doing it that makes one a self-directed learner. This is the

8
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perform ance and behaviors dem onstrated by a self-directed learner. Putting these 

potential attributes in practice also requires motivation.

,,.OlrectodLoarn/
%

Psychological/Personal 
Characteristics 

(Readiness)
Skills 

(Learning & 
SDL Process)

Performance/ 
Behavior 
(Doing It)

M otivation

Figure 1.2. Com ponents o f  Self-D irected Learning

M otivation plays a significant role in the practice o f  self-directed learning 

(Long, 2001; Pintrich, 1995). W hile m otivation is portrayed as a discrete 

com ponent w ithin the overall concept o f  self-directed learning in Figure 1.2. it 

overlaps each o f  the other com ponents since it affects all. The dotted outline 

suggests it perm eates the entire construct. M otivation influences an individual's

9
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perception o f  their skills to accom plish the task at hand. Perform ance is also 

strongly affected by the perception o f  skills as well as the actual skills o f  the 

learner (B itterm an, 1988: Confessore, 1991: Long. 2001). Self-efficacy is a key 

elem ent in o n e 's  actual perform ance (H oban, Sersland, & Raine. 2001). Since 

” ...  people rarely choose to do tasks that they expect to fail" (Stipek. 1998. p. 

137), self-directed learning perform ance is tightly linked to m otivation. 

M otivation also varies w ith the context o f  the activity and the learner's  perceived 

needs (Long, 2001).

This proposed concept for a m ulti-dim ensional construct includes the 

potential for self-directed learning such as G uglielm ino 's Readiness as a 

psychological or personal characteristic, the skills (actual o r self-perceived), the 

driving m otivation factor, and the actual perform ance.

Sum m ary

Com puter Science education needs teaching strategies that provide the 

opportunity  to develop students' self-directed learning w hile teaching the subject 

m atter content. A teaching strategy using problem -based learning is feasible for 

m any C om puter Science courses, especially the m any courses that require 

program m ing assignm ents. W ith a problem -based learning teaching method, it 

m ay be possib le to better develop students' self-directed learning w hile teaching 

the subject matter. An integrated, m ulti-dim ensional view  o f  self-directed

10
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learning includes com ponents o f  personal characteristics, skills, behavior, and 

motivation. The connection between problem -based learning and the com ponents 

o f  self-directed learning for undergraduate C om puter Science students has yet to 

be exam ined. This issue constitutes the m ain topic o f  inquiry in this work. The 

specific research questions and hypotheses are stated in the next section.

Research Questions

The overarching research question for this study is: “W hat are the changes 

in undergraduate C om puter Science students' self-directed learning 

characteristics after experiencing problem -based learning?” W ith this question 

and the conceptual fram ew ork above, specific research questions are:

1. Are there significant differences betw een students experiencing a problem - 

based learning teaching m ethod and students experiencing traditional lecture- 

based teaching m ethod on:

a. S tudents' self-directed learning readiness?

b. Students' self-directed learning skills?

c. S tudents' self-directed learning perform ance?

d. S tudents' course m otivation?

e. S tudents' program m ing assignm ent grades?

2. Are there significant differences across tim e on:

a. S tudents' self-directed learning readiness?

11
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b. S tudents’ self-directed learning skills?

c. S tudents' self-directed learning perform ance?

d. Students’ course m otivation?

e. S tudents' program m ing assignm ent grades?

3. Is there a significant interaction betw een teaching m ethod and tim e on:

a. S tudents' self-directed learning readiness?

b. S tudents' self-directed learning skills?

c. S tudents' self-directed learning perform ance?

d. S tudents' course motivation?

e. S tudents' program m ing assignm ent grades?

M ethodology

A quasi-experim ental design was used to determ ine the differences in self­

directed learning, course m otivation, and grades o f  undergraduate C om puter 

Science experiencing problem -based learning versus students experiencing 

traditional teaching m ethods. The design com pared teaching m ethods o f 

problem -based learning m ethod (the treatm ent) w ith  a traditional lecture-based 

teaching method for the control group.

Two regular program m ing assignm ents for the course w ere m odified to 

create tw o successive problem -based learning assignm ents; this and the 

traditional lecture m ethod constitute the independent variable. Five dependent

12
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variables, each o f  which originates from the research questions are self-directed 

learning readiness, self-directed learning skills, self-directed learning 

perform ance, m otivation, and grades. The independent and dependent variables 

are fully defined in C hapter 3, M ethodology.

Structure

Chapter I has presented an overview  o f  the purpose o f  the study, 

background inform ation suggesting the need for the study, a conceptual 

fram ework, the research questions, operational definitions, and an overview  o f  

the m ethodology. C hapter 2 provides a review  o f  the pertinent literature. C hapter 

3 describes the m ethodology including the design, instrum ents for m easurem ent, 

experim ental procedures, and m ethods for analysis. Chapter 4 contains the 

findings. C hapter 5 sum m arizes the findings and presents the answers to the 

research questions. This final chapter also discusses the im plications o f  these 

results for future practice and future research.

13
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CH A PTER  2 

LITERATU RE REVIEW

This chapter begins by exam ining self-directed learning and the 

com ponents included in an integrated view  o f  self-directed learning. The 

discussion then moves to problem -based learning as a teaching m ethod. Next, the 

“ Relationships” section describes how self-directed learning com ponents are 

related to problem -based learning activities to suggest an expectation o f  positive 

changes in students' self-directed learning after a problem -base learning 

experience as com pared to the traditional teaching method.

Evidence suggests problem -based learning experiences m ight positively 

influence students' self-directed learning (Barrow s, 1994; B lum berg & Michael. 

1992; Ryan. 1993; Taylor, 1986) in part because problem -based learning 

activities share som e skills and behaviors w ith those o f  self-directed learning 

(Barrows, 1994: Hm elo. Gotterer. & Bransford, 1997). For exam ple, the goal 

orientation found in descriptions o f  problem -based learning seem s sim ilar to 

m otivation as described for self-directed learning.

14
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Self-D irected Learning

The study o f  self-directed learning has a rich and continually evolving 

history in sp ite o f  a lack o f  a consensual definition (Bulik & Romero, 2001;

Long, 1990). M ost authors credit H oule 's w ork reported in 1960 as the beginning 

o f  m odern-day investigations (Confessore & Confessore, 1992a, 1992b). Houle 

(1988) proposed self-directed learners do so either to satisfy a goal, for the sake 

o f  learning itself, o r for the enjoym ent o f  the learning environm ent and activity. 

Tough (1978) followed w ith a seven-year study o f  frequencies and m ethods o f 

self-directed learning projects. Self-directed learning has been exam ined from 

view points ranging from  psychological traits (Brockett, 1985; Brockett & 

Hiem stra, 1991; Candy. 1991; H iem stra. 1992) to instructional methods 

(K now les, 1975) to a teaching— learning situational construct (Pilling-Corm ick. 

1996). The com plexity  o f  self-directed learning has been acknow ledged recently 

by Long (2001) who posits it may involve all o f  those view points. Some o f these 

definitions are briefly review'ed in the next section before discussing an 

integrated v iew  self-directed learning.

D efinitions o f  Self-D irected Learning

K now les recognized self-directed learning as an instructional m ethod when 

he described the processes for conducting a self-directed learning project 

(K nowles, 1975). He also linked his concept o f  adult learning (andragogy) to
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psychological traits he associated w ith adult learners, for exam ple, a desire 

am ong adults for greater responsibility  for their ow n learning (Knowles, 1990). 

O thers w ith a greater em phasis on the psychological or personality perspective o f  

self-directed learning include G uglielm ino (1977). B rockett and Hiemstra (1991), 

and Candy (1991). However, B rockett and Hiem stra (1991) also recognized 

instructional methods and learner traits as im portant. Even their Personal 

R esponsibility Model (PRO) em phasizing psychological characteristics 

d istinguished the teaching-learning transaction as "self-directed learning" while 

the prim ary characteristics o f  the student were labeled "learner self-direction". 

C andy (1991) also com bined the personal attributes and the learning activities: 

personal autonom y in the form  o f  w illingness and self-m anagem ent was the 

prim ary focus for self-directed learning. Candy, on the o ther hand, restricts the 

learning activities o f self-directed learning to non-institutional settings where the 

learner had only self-im posed structure and requirem ents. Grow ( 1991b) is less 

restrictive and included institutional settings as valid environm ents for self­

directed learning. Grow (1991b) included psychological, process, and 

environm ental factors when defining self-directed learners as “those who. within 

a teacher-controlled setting, take greater charge o f  their ow n m otivation, goal- 

setting. learning, and evaluation" (p. 203). P illing-Corm ick (1994: 1996) 

em phasized the environm ental factors that w ere either conducive o r detrim ental 

to self-directed learning w hile recognizing both  personal attributes and

16
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instructional m ethods (Pilling-Corm ick. 1996). Her model for self-directed 

learning prim arily focused on the process with three m ajor com ponents: 

educator, student and locus o f  control (student versus teacher). C ranton 's (1992) 

description o f  self-directed learning em phasizes the process, outcom es, and 

goals.

W ith m any different view s o f  self-directed learning throughout the 

literature, it is difficult to arrive at a single definition. W hile the views seldom 

conflict on substantive issues, each expert has a viewpoint or specialty that may 

represent only a part o f  the com plex w hole. An integrated definition o f  this 

com plex, m ulti-faceted concept follows.

Integrated D efinition o f  Self-D irected Learning

A definition restricted to any one o f  the many traits associated with self­

directed learning is inappropriate. Long (2001, p. 10) offered a restatem ent o f  his 

theoretical position concerning self-directed learning by recognizing the 

com plexity o f  the topic. A n integrated, possibly holistic, view  em erges.

M any variables m ay affect the m anifestation o f  self-direction. They seem 
to include, but are not lim ited to, [italics added] (a) personality and other 
psychological constructs, (b) aptitude and fam iliarity w ith the content to be 
learned, (c) learning context including powerful others' expectations, 
teaching techniques em ployed, and  degree o f  learner autonom y and 
control. O ther variables are (d) social relation with other learners, 
facilitator, and other resource people, and (e) im m ediate personal and 
professional situation in w hich the learner finds h im self or herself

17
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N ot only is the com plexity recognized in his statem ent, but also the need to 

address o ther com ponents is noted with the “not lim ited to" statem ent. The most 

com m only discussed aspect o f  self-directed learning has been the 

psychological/personal trait listed first in L ong 's list. A skills component is 

suggested w ithin L ong 's items (b) and (d) w hile m otivation appeared in item (c). 

He also stated "m otivation m ay be more im portant than current research indicates 

by the few  studies dealing w ith the topic” (p. 9).

The integrated construct o f  self-directed learning included a com bination o f  

a) psychological/personal traits for self-directedness. b) skills o r capabilities for 

conducting o ne 's  ow n learning projects, c) perform ance/behaviors applying those 

skills to the self-directed learning activities, and d) m otivation for the particular 

learning project. W hile there w ere likely other variables as Long suggests, these 

four w ere the m ost prom inent and significant throughout the literature. The 

rem ainder o f  this section discusses each o f  these four com ponents.

Personal/Psychological Characteristics. G ug lie lm ino 's  (1977) definition 

focused on personal characteristics represented in the Self-D irected Learning 

Readiness Scale (SDLRS). The eight characteristics are:

1. O penness to learning opportunities

2. Self-concept as an effective learner

3. Initiative and independence in learning

4. Inform ed acceptance o f  responsibility for o n e 's  ow n learning
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5. Love o f  1 earning

6. Creativity

7. Positive orientation to the future, and

8. A bility to use basic study skills and problem -solving skills

These eight factors incorporate two o f  the integrated characteristics—  

personality and skill; seven o f  the eight are related to personality. This leaves 

perform ance and m otivation m issing from G uglielm ino 's conception o f  self­

directed learning. However, over 70%  o f  the self-directed learning 

m ethodological research from the last two decades focused on the Self-Directed 

Learning Readiness Scale (Brockett et al., 2000).

Self-D irected-Learning Skills. Som e set o f  skills is necessary to conduct a 

self-directed learning project w hether as a com pletely independent project or 

w ithin a formal institutional setting. The specific skills can be inferred from 

analyzing the process follow ed by self-directed learners. Knowles (1975) 

described five activities that represent the core skills necessary:

The process in which individuals take the initiative with o r w ithout the help 
o f  others, in diagnosing learning needs, form ulating learning goals, 
identifying hum an and material resources for learning, choosing and 
im plem enting learning strategies, and evaluating learning outcom es (p. 18).
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First in practice is form ulating learning goals. The learner m ust have the 

ability to determ ine the goals from the context o f  the situation. O ften this im plies 

defining the problem  that m ust be solved. Once the problem  is known, a self­

directed learner must recognize the know ledge and skills that m ust be acquired to 

solve the problem . A com parison o f  what one currently knows and does not 

know  constitutes diagnosing learning needs. Knowles referred to this activity  as a 

“ Gap A nalysis" (Knowles, 1975). A fter diagnosing learning needs, self-directed 

learners m ust have the ability to identify human and material resources for 

learning. Tw o sets o f  skills are needed; those to identify resources and those to 

use the resources. The use o f  resources transitions into the actual skills for 

learning. This represents the tasks o f  choosing and im plem enting appropriate 

learning strategies. Learning strategies include such activities as rehearsal, 

elaboration, organization, critical thinking, and m etacognitive self-regulation 

(Pintrich & DeGroot. 1990). A ncillary learning strategy skills required for the 

successful self-directed learner involve resource m anagem ent, effort regulation, 

help seeking, peer learning, and  tim e managem ent (Pintrich. Smith, Garcia. & 

M cK eachie, 1991).

Self-D irected-Leam ing Perform ance/Behavior. A  self-directed learner not 

only has the readiness and skills for self-directed learning, he o r she does it. 

Students can be guided through the activities and taught the skills o f  self-directed 

learning (G row , 1991c; R utland & Guglielmino, 1987). Candy (1991) asserted.
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I

“one leam s responsibility  and self-direction through experiences in w hich one is 

given the opportunity to be self-directed and responsible for on e 's  actions” (p. 

319). One com m only used tool for practicing self-directed learning w ith a well- 

structured process is the learning contract (B lackw ood, 1994; Caffarella, 1983; 

Caffarella & C affarella, 1986; Guglielmino & G uglielm ino, 1994). Learning 

contracts make the process o f  self-directed learning explicit and visible. G row 's 

(1991b) model for teaching self-direction suggests several o ther techniques that 

em phasize m atching the students' level o f self-direction with corresponding 

teaching m ethods and classroom  activities. This form o f  scaffolding keeps 

students within their zone o f  proximal developm ent (V ygotsky. 1978) for 

optim izing learning, avoiding frustration, and positively contributing to student 

m otivation (Pintrich & Schunk, 1996. pp. 74. 175).

M otivation

The m otivations for self-directed learning w ere first described by Houle 

(1961). He suggested three reasons learners pursue self-directed learning 

projects: a) to satisfy a goal o r need (goal-oriented), b) for the love o f  learning 

(learning-oriented), o r c) for the experience and enjoym ent o f  the learning 

activities and associated am bience (activity-oriented). Houle acknow ledged these 

m otivating reasons are not m utually exclusive so a learner m ay be m oved to 

participate in self-directed learning projects by  com binations o f  these. O f these.

21

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

goal-orientation has been identified as a significant factor in self-directed 

learners pursuing degrees from higher education institutions (G row , 1991b; 

Ponton, Carr. & Confessore, 2000).

Goal orientation was seen as the studen t's  perception o f  reasons for 

engaging in the learning task. W hile it is only  one o f  several com ponents o f 

m otivation, it appeared especially significant to self-directed learners (Bittem ian, 

1988). O ther internal m otivational factors included the perceived value o f  the 

task as the learner's evaluation o f  how  interesting, how  im portant, and how 

useful the task itse lf is. Self-directed learners generally recognize a need and are 

able to perceive value in the tasks. Expectancy com ponents o f  m otivation 

included students' be lie f that their efforts w ould result in positive outcomes, that 

their perform ance expectations would be m et. and that their self-efficacy for the 

task w as sufficient (Pintrich et al„ 1991). Extrinsic goal orientation factors 

include grades, rew ards, perform ance assessm ent, and evaluations.

Sum m ary o f  Self-D irected Learning

A n integrated view  o f  self-directed learning is preferable to one that 

exam ines a single aspect o f  the concept. H owever, the possible num ber o f  

com ponents and their relationships suggests a holistic view point m ay be more 

accurate than a sim ple integrated one. N evertheless, a reasonable reduction o f  

com plexity  results in a m odel w ith four predom inate variables standing out in the
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literature. This m odel for self-directed learning is com prised o f  

psychological/personal traits, a set o f  skills, a recognizable 

perform ance/behavior, and m otivation.

Problem -Based Learning

Problem -based learning originated with medical education at M cM aster 

U niversity in the m id-1960s w ith the intent o f  im proving students' problem  

solving skills w hile teaching basic subject m atter content (Caplow, Donaldson. 

Kardash. & H osokaw a, 1997). The fundam ental precept was that learning 

proceeded from the "need to know " in order to solve a problem , thus enhancing 

learning. Charlin. M ann, and Hansen (1998) said that problem -based learning (a) 

requires active processing o f  inform ation, (b) activates prior knowledge, (c) 

provides a m eaningful context, and (d) stim ulates opportunities for elaboration 

and organization o f  know ledge. In addition to these learning benefits, problem - 

based learning provided experiences in problem  solving, opportunities for 

collaborative w ork, and use o f  com m unications skills.

M any other disciplines including engineering, education, and the sciences 

have experim ented w ith or adopted problem -based learning m ethods as part o f  

courses or entire program s (A llen. Duch. & Groh, 1996; A ram bula-Greenfield. 

1996; Cawley. 1997; Groh, 2000; G rundy, 1996; Todd, 1997; W oods. 1996).
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Definition and Characteristics o f Problem-Based Learning

Although there are m any variations, A lbanese and M itchell (1993. p. 53) 

defined problem -based learning as “ ... an instructional method characterized by 

the use o f  patient problem s as a context for students to learn problem -solving 

skills and acquire know ledge about the basic and clinical sciences” . Problem - 

based learning has been distinguished from other problem -centered m ethods such 

as the case method, in that the problem  provides the m otivation for learning basic 

concepts. The problem  is presented before the learner is exposed to the subject or 

content knowledge. The need to understand the problem  drives learning.

As early as 1986. Barrow s ( 1986)offered a taxonomy for problem -based 

learning recognizing ” ... the m any variables possible can produce w ide 

variations in quality and in the educational objectives that can be achieved" (p. 

481). This taxonom y can •“. ..  help teachers choose a problem -based learning 

m ethod m ost appropriate for their students” (p. 481). Table 2.1 illustrates the 

range o f  problem -based learning instruction and provides a basis for selecting 

characteristics to incorporate in problem -based learning. This taxonom y 

represents the broadest range ofw hat m ay be included in problem -based learning.
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Table 2.1. Barrows Taxonomy of Problem-Based Learning.

Lecture-Based
Cases

T eacher presents inform ation in lectures plus a case o r two 
(vignettes) to dem onstrate relevance -  Not usually considered 
problem -based learning.

Case-Based
Lectures

C ase vignettes o r m ore com plete case histories are presented 
before lecture. Students analyze existing know ledge prior to 
lectures o f  new  material.

Case M ethod Students are given a com plete case for study and research in 
preparation for subsequent class discussion.

M odified
Case-Based

Sm all tutorial groups o f  students are presented w ith a case. 
S tudents pursue limited lines o f  inquiry from alternatives 
presented. Additional inform ation is provided as requested by 
students.

Problem-
Based

Problem s are presented w ithin an authentic context. Students 
use free inquiry. Active, teacher-guided exploration and 
evaluation using facilitation and tutorial skills is used.

Closed-Loop.
Problem -
Based

Problem -based as above w ith iteration cycles w here each cycle 
concludes w ith students reflecting and evaluating 1) resources 
used, 2) reasoning processes followed, and 3) inform ation 
acquired (learning).

The problem . The problem  is central to the concept o f  problem -based 

learning. A uthentic problem s in an authentic context are used to develop content 

knowledge, problem  solving skills, collaborative skills, and leam er self-direction 

(Barrows & Tam blyn, 1980). The problem s, in addition to being crafted w ith the 

learning objectives in mind, are com plex, and ill-structured (Barrow s. 1994; 

K oschm ann et al., 1996; Stepien & Pyke. 1997). These types o f  problem s are not 

fully or clearly understood by the students at the outset. Learners m ust extract or 

define the problem  from the body o f  inform ation initially available. As more 

inform ation is acquired, the problem  definition is likely to evolve along w ith a
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better understanding o f  both the problem  and the knowledge needed for 

resolution. A nother problem  characteristic is that there may not be a single, 

sim ple, and "co rrecf ' solution o r the "correct” solution is not likely to be known 

except in hindsight. Finally, these types o f  problem s are not likely to have a fixed 

or previously established procedure for reaching a solution. The problem -solvers 

must, at least, define an approach to the problem  from very high level approaches 

and, at m ost, determ ine an entirely  new approach.

Learning Objectives

Learning objectives m ust be incorporated within the problem . Defining 

learning objectives for a problem -based learning experience range from w holly 

student defined to w holly teacher defined (Blum berg, M ichael, & Zeitz, 1990; 

B lum berg & others, 1990; D uek & W ilkerson, 1991). In any case, the problem  is 

designed to incorporate learning objectives appropriate to the m odule, course or 

program  (Dolm ans. 1993; D olm ans. Snellen-Balendong. W olfiiagen, & van der 

V leuten. 1997; Stepien & Pyke. 1997).

Tutors

Effective problem -based learning m ethods do not rely on students 

follow ing the process w ithout direction and support. Tutors provide guidance and 

direction by w orking closely w ith  each small group during the problem
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identification, learning issues definition, and reflection activities. A n im portant 

responsibility o f  the tutor is to em phasize the problem -based learning processes 

rather than teach subject m atter content. The tu to r's  prim ary role m ust be guiding 

students through the use o f  m etacognitive skills needed for the problem  at hand 

and for future practice. “This concept o f  m etacognitive thinking skills provides 

the key to the positive, active role o f  the tutor” (Barrows. 1988, p. 3).

Tutors must be skilled in both the problem -based learning m ethod as well 

as in reasoning skills (Barrow s, 1988). O ther tu tor tasks include the use o f  

questions to promote reasoning and critical thinking skills, facilitation o f  the 

group processes without directing, and assuring that the groups' derived 

processes are externalized. Tutors should distinguish the role o f  a content 

know ledge expert and the problem -based learning tutor role. W riters in the field 

are divided on w hether the tu to r and the course instructor should be the sam e 

person (Dolm ans & others. 1993; D olm ans & Others, 1994. 1996; Gijselaers. 

1994; M oust & Schmidt, 1995; Schm idt, van der Arend. Kokx, & Boon, 1995; 

Schm idt & Moust, 1995; Schm idt & Others, 1993; W ilkerson. 1995; W ilkerson, 

1996; W ilkerson & Hundert, 1997). However, students tutored by subject m atter 

experts are somewhat better achievers and tend to spend more tim e on self­

directed learning (Schm idt & O thers. 1993). Problem -based learning requires the 

learners to seek out the content know ledge as part o f the learning experience 

although they will call upon subject m atter experts as a resource. Finally, a tutor
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should stim ulate reflection in the group on the new ly acquired know ledge, the 

relationship and integration o f  this new  know ledge w ith previous know ledge, and 

the potential for application (Barrow s, 1988). The group reflection also seeks to 

uncover new learning needs. Lastly, the tutor encourages the learners to assess 

their problem  solving skills, their processes as problem -based learners, and 

d iscover areas for im provem ent (Barrow s, 1994). Problem -based learning studies 

indicate that this reflection com ponent is necessary for successful learning 

outcom es (Barrows, 1994. p. 74).

The Process

The problem -based learning process begins when an authentic problem  is 

presented to a small group o f  students. The group size is generally four to seven 

students, how ever variations for larger groups have been reported (Rangachari. 

1996: W oods, 1996). O nce students are presented with the problem , they perform 

an analysis to determ ine what they collectively know about the problem  and what 

they need to know  to solve the problem . This phase requires extensive 

collaboration and com m unication w ithin the group. The g roup 's  efforts to define 

their existing know ledge and the know ledge needed to solve the problem  provide 

experience with self-directed learning skills. N ext students individually utilize 

resources they d iscover for them selves and with the assistance o f  the problem - 

based learning facilitation to acquire the know ledge and skills necessary to solve
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the problem . The group mem bers then reconvene to share their individually 

acquired know ledge and continue the problem  solving activity, again using 

collaborative learning. This cycle o f  assess— acquire— share repeats until a 

satisfactory solution is achieved. A key elem ent is a reflection activity that 

concludes the problem -based learning process. This last stage, critically 

necessary for learning, consists o f  self and peer evaluation o f abilities as 

problem -solvers, self-direction, and as m em bers o f  the group (Barrow s, 1994).

Benefits and D raw backs o f  Problem -Based Learning

The m ost com m only cited benefit o f  problem -based learning is an 

increased ability to apply the know ledge acquired using problem -based learning 

(Albanese & M itchell, 1993: Barrows. 1994; Hmelo et al„ 1997). A lso, the 

developm ent o f  reasoning skills in problem  solving is coupled with the ability to 

use know ledge in practice (Dolm ans et al„ 1997). Problem -based learning 

students dem onstrated a higher hypothesis-driven reasoning ability than data- 

driven reasoning (H m elo et al„ 1997). This ability to w ork w ith an initially 

limited set o f  data to form ulate both problem  and possible solutions represents 

real-world situations better than is possible in traditional, lecture-based 

instruction. W ith the hypothesis as a start, the learner acquires additional 

know ledge that either supports o r rejects the position. Support tends toward 

problem  solution w hile rejection forces reevaluation and the generation o f  a new
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hypothesis. In contrast, data driven reasoning tends to becom e "analysis 

paralysis" rather than problem  solving. In this scenario, while know ledge may be 

acquired, its relevance and applicability' is frequently not realized.

Problem -based learning achieves its successes, in part because the 

experience (a) requires active processing o f  inform ation, (b) activates prior 

knowledge, (c) provides a m eaningful context, and (d) stim ulates opportunities 

for elaboration and organization o f  know ledge (Barrows. 1994).

There are draw backs to the use o f  problem -based learning. Teaching with 

problem -based learning requires a significant investm ent in designing problems 

and im plem enting the tutoring process (Barrow s. 1988; Stepien & Pyke, 1997). 

For many instructors, traditional lecture formats m ay be both m ore com fortable 

and less effort (B ligh. 2000). Another concern found throughout the literature is 

that problem -based learning outcomes m ust not sacrifice students' learning o f  the 

subject matter. Research has shown that w hile problem -solving skills are better 

w hen using problem -based learning m ethods, sim ple know ledge recall o f  facts 

m ay be slightly less than com pared w ith traditional m ethods (V ernon & Blake. 

1993). However, com parisons are not alw ays conclusive. A lbanese and Mitchell 

(1993) in a m eta-analysis o f  the literature reported ,%for six o f  the ten studies 

[com paring outcom es], the overall basic science test scores o f  students in 

conventional curricula w ere higher than those o f  students in problem -based 

learning curricula (negative ES); however, only  three o f  these scores were

30

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

statistically  significant at the .05 level" (p. 57). They concluded that, ' “w hile the 

expectation that problem -based learning students w ill not do as well as 

conventional students on basic science tests appears to be generally true, it is not 

alw ays true" (p. 57). In an independent m eta-analysis, Vernon and B lake (1993) 

reached sim ilar conclusions. Some studies found significant differences favoring 

traditional m ethods w hile others did not.

Relationships o f  PBL and SDL

W hile the m any benefits o f  problem -based learning w ere discussed 

previously, the developm ent o f  self-directed learners deserves special 

consideration. The problem -based learning literature claim s the developm ent o f 

self-directed learners as a benefit (Barrow s, 1994; Dolmans, Schm idt, & 

G ijselaers, 1995; Ryan. 1993; Taylor, 1986). H owever, these claim s are not 

supported by research but are either theorized or postulated by supporters o f  

problem -based learning. W hile the claim s are not supported, neither are they 

refuted. The topic has not been sufficiently investigated.

A careful analysis o f  the literature on problem -based learning and on self­

directed learning suggests definite relationships. B lum berg and M ichael (1992) 

state that problem -based learning " .. .  has as a prim ary goal the students' 

developm ent o f  self-directed learning sk ills" (p. 3). However, research to 

determ ine the attainm ent o f  that goal is sparse and has taken a very narrow
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viewpoint. One focus has been the generation o f  learning issues as a m easure o f 

self-directed learning (D olm ans et al., 1995). O ther research investigated the 

developm ent o f  a few  selected self-directed learning skills w hen a significantly 

teacher-directed problem -based learning m ethod w as em ployed (B lum berg & 

M ichael, 1992). In the latter study, B lum berg and M ichael show ed that in a 

partially teacher-directed problem -based learning situation, problem -based 

learning students used the library and its resources more than traditional students, 

self-reported m ore learning resource usage, and perceived a h igher proficiency in 

self-directed skills (B lum berg & M ichael, 1992).

The m ore extrem e, curricula-based. m edical school form at o f  problem - 

based learning expects a high degree o f  learner self-direction. For other 

im plem entations o f  problem -based learning, some self-directed skills are 

incorporated in the problem -based learning activities and usually provide more 

structure and scaffolding (Stepien, Senn, Sc Stepien. 2000: W egner. Holloway, & 

Grader, 1997). C learly, som e activities used in problem -based learning require a 

set o f  skills also used in self-directed learning. This relationship suggests that 

using problem -based teaching m ethods w ould give students the opportunity  to 

better develop these particular skills. Relationships between the 

psychological/personal characteristics o f  self-directed learning and problem - 

based learning are not obvious. T he goal oriented m otivational com ponent o f 

self-directed learning appears to coincide w ith the goal directedness established
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in problem -based learning. It is reasonable to infer that using problem -based 

learning m ight affect students' goal-oriented m otivation. The problem -based 

learning research literature m inim ally addresses the developm ent o f  the skills 

com ponent o f  self-directed learning (B lum berg & M ichael. 1992; Ryan, 1993).

Sum m ary

The literature reviewed suggests that teaching w ith a problem -based 

learning m ethod m ay influence students' self-directed learning. Four components 

o f self-directed learning were identified in the literature review ed and an 

integrated concept o f  self-directed learning was described. This literature also 

suggested that grades o f  students experiencing problem -based learning is likely 

to be m inim ally d ifferent from those taught w ith traditional lecture-based 

m ethods. Finally, relationships betw een problem -based learning and self-directed 

learning also suggest that teaching with problem -based learning m ethods is likely 

to affect students' self-directed learning.
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CH APTER 3 

M ETH O D O LO G Y

This research com pared problem -based learning instruction w ith traditional 

m ethods on  students' self-directed learning, m otivation, and grades. The three 

research questions were:

1. Are there significant differences between students experiencing a problem - 

based learning teaching m ethod and students experiencing traditional lecture- 

based teaching m ethod on:

a. S tudents' self-directed learning readiness?

b. S tudents' self-directed learning skills?

c. S tudents' self-directed learning perform ance?

d. S tudents' course m otivation?

e. S tudents' program m ing assignm ent grades?

2. Are there significant differences across time on:

a. S tudents' self-directed learning readiness?

b. S tudents’ self-directed learning skills?

c. S tudents' self-directed learning perform ance?

d. S tudents' course m otivation?

e. S tudents' program m ing assignm ent grades?
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3. Is there a significant interaction betw een teaching m ethod and tim e on:

a. S tudents' self-directed learning readiness?

b. S tudents' self-directed learning skills?

c. S tudents' self-directed learning performance?

d. S tudents' course m otivation?

e. S tudents' program m ing assignm ent grades?

This chapter describes the research methodology. The first section 

discusses the design and rationale for selecting a quasi-experim ental approach. 

Then subjects, sampling procedure, setting and m aterials are described. Sections 

on the independent variable and dependent variables provide operational 

definitions. The sixth m ajor heading, “ Data Collection Procedures." also includes 

inform ation on treatment and m easurem ent. Data analysis procedures follow.

Design

A quasi-experim ental design was used to compare problem -based learning 

instruction w ith traditional m ethods on self-directed learning characteristics, 

m otivation, and grades. The treatm ent group had specific problem -based learning 

m odules taught w ith problem -based learning m ethods (the treatm ent) while the 

traditional lecture-based teaching m ethod was used for the control group. Since
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students exercise their freedom  o f  choice for a particular section o f  a course, 

random assignm ent o f  subjects was not possible.

The design for self-directed learning readiness, self-directed learning skills, 

motivation, and grades is illustrated in Figure 3.1. The design for self-directed 

learning perform ance lacked a pre-treatm ent measurement since no data was 

available p rior to the experim ent for this variable. That design is depicted in 

Figure 3.2. C ircles represent an observation or measurem ent tim e in both figures. 

The X*s represent treatm ent periods for the treatment group and the 

corresponding non-treatm ent periods for the control group. T im e progresses from 

left to right in the figure with the groups labeled on the left.

-§ Treatment ^  w O  V ^
^  Section A  PBl_i / \  PBL2 n—/
CD
5
05c
•;= Traditional
"o Section 
co O X t r a d  o  X t r a d  O

T im e

Figure 3.1. Q uasi Experim ental D esign for SDL Readiness. Skills. M otivation, 
and Grades
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Each treatm ent consisted o f  a single problem -based learning exercise that 

spanned tw o w eeks o f  calendar tim e. Two sequential treatm ents were used at 

Times 2 and 4 illustrated in the figure. Each section o f  the course met twice 

w eekly for one hour and fifty minutes. The control group m et on Monday and 

W ednesday evenings at 7 p.m. w hile the treatm ent group m et on Tuesday and 

Thursday evenings at 5 p.m . Pre-treatm ent m easurem ents (T im e 1) for both 

groups w ere made prior to the first treatm ent. M id-treatm ent m easurem ents 

(Tim e 3) w ere m ade after the first treatm ent and again at Tim e 5 after the final 

treatment.

The control group was taught using the traditional lecture-based method 

w hile the treatm ent group was being taught with problem -based learning. This 

traditional m ethod consisted o f  lectures on the sam e topics that were identified as 

learning objectives used in creating the problem  scenarios for the problem -based 

teaching. Thus, during the treatm ent period, the learning objectives provided by 

the course instructor w ere identical. O nly the teaching m ethod varied.

The sam e instructor taught both the control and experim ental sections. The 

instructor deliberately and carefully synchronized the topics for both sections 

prior to and  after the treatm ent period. Except for the problem -based learning 

modules, the sections w ere taught using the sam e m aterials, assignm ents, and 

exams. T he problem -based learning instructional m ethod used the same two 

program m ing assignm ents adapted from  those for the control section. (The
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problem -based learning assignm ents are reproduced in A. IN STR U C TO R 'S 

GUIDE: PBL EXERCISE 1 and C. IN ST R U C T O R 'S GUIDE: PBL EXERCISE 

2. The corresponding control section assignm ents are in B. N O N -PBL 

EX ERCISE 1 and D. N O N -PBL EX ERCISE 2).

Self-directed learning perform ance data were not available p rio r to the 

beginning o f  the experim ent since tim e tracking was not required p rio r to 

students' w ork on program m ing assignm ent #6 (the first problem -based m odule 

for the treatm ent group). Prior program m ing assignm ents differed in that their 

m inim al difficulty would not have provided m eaningful tim e tracking data on 

self-directed learning perform ance. The design shown in Figure 3.2 provided 

m easures for self-directed learning perform ance representing two periods 

associated w ith the two program m ing assignm ents. No data were collected for 

T im e I show n in the design. C ollected data are associated with w ork perform ed 

during experim ent Tim es 2 and 3 and collected upon com pletion o f  each 

assignm ent. Since students com pleted the assignm ents at varying tim es, the 

collected data only approxim ates collection at Times 3 and 5.
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T im e

Figure 3.2. Quasi Experim ental Design for SDL Perform ance

Subjects

The experim ent was conducted w ith two sections o f  undergraduate 

C om puter Science students enrolled in C om puter Science 1 (CSI 1300) at 

M etropolitan S tate College o f  Denver (M SCD). These students represent typical 

C om puter Science undergraduates needing to develop greater self-directed 

learning abilities. M SCD is a four-year undergraduate institution offering 

B achelor's degrees. The course is described as:

... the first course in the com puter science core sequence. Students will 
learn a m odem  program m ing language and the basic skills needed to 
analyze problem s and construct program s for their solutions. The em phasis 
o f  the course is on the techniques o f  algorithm  developm ent, correctness 
and program m ing style. Students are also introduced to the fundam entals o f  
software engineering and the softw are developm ent life cycle 
(M etropolitan State College o f  Denver, 2001).
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Students enrolled in this course w ere predom inately undergraduate 

C om puter Science o r M athem atics majors. The sam ple sizes w ere lim ited to 

those students from  each group, control and treatm ent, agreeing to participate in 

the study. Initial sam ple sizes consisted o f  18 students (o f 23 total students 

enrolled in the section) in the control section and 19 students (o f 20 total students 

enrolled in the section) in the treatm ent group. Eight students in the control group 

and eight in the treatm ent group com pleted the study. These sam e 16 students 

were the only ones com pleting the course w ith a passing grade. The final sam ple 

consisted o f  students who generally attended class during the study, com pleted 

the study questionnaires, and com pleted the associated program m ing 

assignm ents. Students were included in the final analysis only if  all three 

com ponents w ere satisfied. A lthough partial data for this study w ere obtained on 

12 students from each section (questionnaire scores for course m otivation, se lf­

directed learning skills, and self-directed learning readiness), only  eight in each 

section com pleted the final program m ing assignm ent used for the post-treatm ent 

grades in the study. Only data for these 16 students w as used in the final 

statistical analysis.

The treatm ent group consisted o f  five m ales and three fem ales as com pared 

with seven m ales and one fem ale in the control group. The treatm ent group was 

more diverse than the control group having one A sian A m erican, four Caucasian
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and three Hispanic students w hile the control group had one Asian A m erican and 

seven C aucasian students.

A dditional dem ographic data w ere collected to describe the sample 

population. The sam p le 's  mean age was 29.67. The concurrent num ber o f  

courses students w ere enrolled in was 2.93 w hile the num ber o f previous 

Com puter Science courses was 1.87. The average total college credits o f  the 

sam ple w ere 64.27. The weekly work hours ranged from zero to 55 with a m ean 

o f  29.9 for the entire group. S tudent's grade point averages were 3.25 for the 

treatm ent group and 3.08 for the control group. Data for each group are show n in 

Table 3.1.

Table 3.1. D em ographic Data

Treatm ent Grou p Control Group
M ean Std. Dev. n M ean Std. Dev. n

Aae 26.50 7.82 8 31.88 10.15 8
Num Classes 3.25 .89 8 2.63 1.06 8
CSI courses 1.25 1.16 8 2.38 1.41 8
Total Credits 62.43 40.1 1 8 65.88 44.30 8
W ork HRS 36.07 15.92 8 24.50 17.94 8
GPA 3.25 .67 6 3.08 .89 4

Setting and M aterials

The setting w as a standard ’‘sm art” classroom  on the college campus. 

Smart classroom s are equipped with LCD  projectors for displaying com puter
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output, docum ent cam eras for projecting text materials, and overhead projectors 

for displaying transparencies. This particular classroom  configuration was used 

for both sections. The room  has four front-facing rows o f  tables that each seat 

approxim ately eight students. Each seat has pow er and Internet connections for 

students w ith laptop com puters. However, students seldom used laptops during 

class. The instructor routinely used all three types o f  media, com puter, projected 

textbook pages, and overhead transparencies, during classes. Exam ple source 

code prepared by the instructor was also frequently provided to students in both 

sections. These m aterials were learning resources com plim enting the textbook.

The problem -based m ethod used two program m ing assignm ents as the 

"problem ” focus for teaching. Specific content learning objectives defined by the 

instructor for a segm ent o f  the course w ere incorporated in the design o f  the 

problem s for the problem -based learning treatm ent. See A. IN ST R U C T O R 'S 

GUIDE: PBL EX ERCISE 1 and C. IN ST R U C T O R 'S GUIDE: PBL EX ERCISE

2. These m aterials also included inform ation for using the problem -based 

learning teaching m ethod along w ith guides for facilitation/tutoring the process. 

The problem -based treatm ent began with the sixth week o f  the semester. The 

corresponding two program m ing assignm ents for the control section are in B. 

N ON -PBL EX ERCISE 1 and D. N O N -PBL EXERCISE 2. The teaching 

technique for the control group was the standard lecture-based format previously 

used for both sections o f  the course.
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Independent V ariable

In this study, the teaching m ethod was the independent variable w ith two 

levels. One level w as die problem -based learning teaching technique w hile the 

second level was the traditional lecture-based teaching method.

Problem -Based Learning Teaching M ethod

The central elem ent o f  problem -based learning is a problem  that is 

carefully selected to m eet specific learning objectives, including content 

knowledge areas. S tudents in problem -based earning are expected to define their 

learning objectives, w ith significant guidance o f  the tutor/facilitator, as they 

explore the problem . This teaching method a) uses an authentic, ill-structured 

problem  as the focal point for study, b) follows a specific process (discussed 

below) for investigation and inquiry, and c) is facilitated with an em phasis on the 

processes for inquiry and learning rather than m erely providing out o f  context 

subject m atter content. Furtherm ore, specific content knowledge related to the 

p roblem 's learning objectives is not usually presented prior to the problem  but is 

"discovered” by the students while seeking solutions to the problem . Students 

determ ine the know ledge needed to solve the problem , define and use resources 

to develop solutions, and review  their perform ance o f  both acquiring know ledge 

and following the problem -solving process. This approach is contrasted w ith first 

learning and then applying knowledge.
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For this study, the course instructor was the prim ary subject m atter expert 

w hile the researcher was the prim ary problem -based learning tutor/facilitator for 

the treatm ent class. The researcher and instructor collaborated to m axim ize the 

quality  o f  the in-class tutoring. Carefully scripted problem -based learning guides 

w ere used to provide scaffolding and instruction on the problem -based learning 

(see Problem  Logs included w ith each problem -based learning m odule, A. 

IN ST R U C T O R 'S  G U ID E: PBL EXERCISE I and C. IN STR U C TO R 'S GUIDE 

PBL EXERCISE 2).

Traditional Lecture-Based Learning Teaching M ethod

In the traditional lecture-based m ethod, the instructor introduced topics 

pertinent to the learning objectives defined for a particular module. The lecture 

form at was used, often accom panied with Pow erPoint slides provided by the 

textbook authors. Lectures w ere also based on source code exam ples used to 

illustrate learning objectives. A ny student questions related to the lecture were 

answ ered when posed. Explicit program m ing assignm ents w ith the sam e due 

dates as those for the problem -based learning group were given to the control 

group students. A ssignm ents were made on the first class o f  the same w eek for 

each group. The control group assignm ents are reproduced in B. N O N -PBL 

EX ERCISE 1 and D. N O N -PB L EXERCISE 2). F igure 3.3 provides a calendar 

o f  the events for the experim ent.
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D ependent Variables

There w ere three research questions addressing the teaching m ethod, the 

differences over time, and the interaction o f  m ethod and time. For each question 

five dependent variables w ere identified. The follow ing discussion includes the 

operational definition o f  each dependent variable as well as its m easurem ent 

m ethod.

Self-D irected Learning Readiness

The G uglielm ino Self-D irected Learning R eadiness Scale (SDLRS) 

(G uglielm ino. 1977) was used to m easure self-directed learning readiness. This 

instrum ent includes 58 items using a 5-point Likert response scale. Factor 

analysis o f  the SDLRS provides eight characteristics o f  self-directed learners 

(G uglielm ino. 1977). These are:

1. Openness to learning opportunities

2. Self-concept as an effective learner

3. Initiative and independence in learning

4. Inform ed acceptance o f  responsibility for o n e 's  own learning

5. Love o f  learning

6. Creativity

7. Positive orientation to the future, and

8. A bility to use basic study skills and problem -solving skills
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G uglielm ino asserted that these factors correlate favorably with the 

definition o f  a highly self-directed learner as defined by the Delphi survey o f  the 

experts. She found that “ ... the SDLRS could account for 76% o f  the variance in 

effectiveness as a self-directed learner” (G uglielm ino, 1977. p. 73).

M cCune (1988) found the SDLRS to be the most widely used instrum ent 

for m easuring self-direction in learning research. SDLRS scores have show n a 

relatively high validity when used as a m easure o f  readiness for self-directed 

learning (Bonham . 1991: Finestone, 1984; G uglielm ino, 1997; Long, 1987; Long 

& Agyekum . 1983, 1984). Subsequent literature indicates its continued use 

(Confessore & Confessore. 1992a). In addition to its w idespread use. research 

also supports its ability to indicate levels o f  self-directed readiness. G uglielm ino 

(1997) cited Borg & Gall (1989) and M ehrens & Lehm ann (1984) as stating the 

” ...  expert judgm ent is com m only used to ascertain  w hether an instrum ent has 

content validity” (p. 213). The Delphi technique used by G uglielm ino relied on 

the experts on self-directed learning to provide specific topics upon w hich the 

instrum ent was based.

M any studies (Finestone, 1984; H all-Johnsen, 1985; Hassan, 1981; Jones, 

1989) successfully correlated scores on the SD LRS with behaviors consistent 

w ith concepts o f  self-directed learning. H all-Johnsen (1985) found a positive, 

predictive relationship betw een the num ber o f  self-planned projects conducted
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and the tim e spent on these w ith SDLRS scores. She found that self-concept as 

an effective, independent learner was identified as the readiness factor that best 

predicted the num ber o f  self-planned projects (R = .20) and the tim e spent on 

them  (R = .42). She also reported that at least five individual items on the 

SDLRS appear to be very  effective (r = 1.00) in predicting extent o f  involvem ent 

in self-planned projects. S tudies conducted by Finestone (1984), Hassan (1981), 

and Jones (1989) dem onstrated validity by successfully correlating behaviors 

such as initiative, acceptance o f  responsibility for learning, and a strong desire to 

learn with SDLRS scores (the Pearson product-m om ent correlation was .48 (p 

= 0179)).

Reliability studies o f  the SDLRS have reported high Cronbach alpha 

estim ates. C hronbach-alpha coefficient values o f  .87 (G uglielm ino, 1977). .87 

(H all-Johnsen, 1985: H assan. 1981), and .92 (Finestone. 1984; Skaggs. 1981) 

support the reliability o f  the SDLRS. Another reliability estim ate based on a 

sam ple o f  3.151 individuals from  a wide variety o f  settings throughout the United 

States and Canada had the highest reported Chronbach-alpha coefficient at .94 

(G uglielm ino. 1989).

Self-D irected Learning Skills

The M otivational S trategies for Learning Q uestionnaire (M SLQ ), Part B 

m easured self-directed learning skills. Part B o f  the M SLQ  defined learning
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strategies as Cognitive & M etacognitive Strategies and R esource M anagem ent 

Strategies. This is a self-report instrum ent consisting o f  50 item s that use a 7 

point Likert scale ranging from  1 =  “not at all true o f  m e" to 7 = "very  true o f 

m e." See G. M SLQ .

The category o f  C ognitive & M etacognitive Strategies consists o f  five sub 

categories o f  a) rehearsal, b) elaboration, c) organization, d) critical thinking, and 

e) m etacognitive self-regulation. The resource m anagem ent strategies consist o f

a) time & study environm ent, b) effort regulation, c) peer learning, and d) help 

seeking. These are elaborated in Table 3.2. M SLQ -  Part B Learning Strategies.
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Table 3.2. MSLQ -  Part B Learning Strategies

Learning Strategy D escription
Cognitive & M etacognitive 
Strategies

I . rehearsal Reciting or naming items to be 
learned -  influences the attention 
and coding process

2. elaboration Paraphrasing, summarizing, creating 
analogies, and generative note- 
taking -  helps the learner integrate 
and connect new inform ation with 
prior know ledge

3. organization Selection o f  appropriate inform ation 
and construct connections -  active, 
effortful endeavor resulting in close 
involvem ent with the task

4. critical thinking A pplication o f  previous knowledge 
to new' situations to solve problem s, 
reach decisions, or make critical 
evaluations

5. m etacognitive self-regulation A w areness, knowledge, and control 
o f cognition -  focus is on planning, 
m onitoring, and regulating cognitive 
activities

Resource M anagem ent Strategies 1

1. time & study environm ent
M anagem ent and regulation o f  tim e 
and study environm ent

2. effort regulation
Regulation o f  effort related to 
learning goals and application o f  
o ther learning strategies

3. peer learning

Realization o f  benefits o f 
collaboration for increased 
com prehension and developm ent o f  
new insights

4. help seeking
Recognition o f  deficiencies and the 
im plem entation o f strategies to 
define, seek, and utilize resources

Adapted from (Pintrich et al., 1991).
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The skills frequently discussed throughout the literature on self-directed 

learning are well represented by the items addressed by the learning strategies o f  

the M SLQ -Part B (Candy, 1991: Cheren, 1983; Grow. 1991a: Hrimech, 1995: 

Knowles. 1975).

U nlike the SDLRS that was designed specifically to m easure a construct o f  

self-directed learning, the M SLQ  was not specifically created for self-directed 

learning. The correspondence o f  self-directed learning skills with the learning 

strategies items o f  the M SLQ  -  Part B provides a reasonable argum ent for using 

this instrum ent as a m easure o f  the skills com ponent for self-directed learning. 

The instrum ent itself has been show n to " .. .  represent a coherent conceptual and 

em pirically validated fram ew ork for assessing student m otivation and use o f 

learning strategies in the college classroom ” (Pintrich, Smith. Garcia, & 

M ckeachie. 1993. p. 810). T heir internal consistency and reliability analyses 

found a " .. .  relatively good reliability  in terms o f  internal consistency” and two 

confirm atory factor analyses indicated, "The general theoretical fram ework and 

the scales that m easure it seem  to be valid” (p. 810).

Self-D irected Learning Perform ance

Self-directed learning perform ance is defined as the extent to w hich 

students dem onstrate the follow ing perform ances in relation to the learning 

project. Knowles (1975)defined these as:
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• Setting learning objectives,

• Identifying deficits in on e 's  own know ledge in relation to the 

learning objectives,

•  Identifying resources to address the deficits,

•  Using resources for learning, and

•  Self-assessm ent o f  learning outcomes.

These activities w ere reported through students' journaling  using a 

m odified version o f "tim e and activity logging” developed for software 

program m ing course activities (Hum phrey, 1997. pp. 21-9). M odifications that 

specify the types o f  activities provide the ability to track tim e and effort on self­

directed learning perform ance related to the project. See H. PSP TIM E . Students 

used “ Engineering N otebooks,” provided to both groups specifically for this 

study, to record their tim e on each task and activity. T im e logs were collected 

w eekly from  each group. The sam e log forms w ere used to collect the 

tim e/perform ance data for both sections o f  the course.

Students were asked to record all time, by specific activity, spent on each 

o f  the two assignm ents during the experim ent. The tim e entry forms included 

detailed descriptions o f  each activity code to assist in logging the correct activity 

and the tim e spent for that activity. The self-directed learning activities in the 

above bulleted list each corresponded to an activity code on the tim e logs. These
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data w ere collected w eekly and entered into the Excel spreadsheet by activity 

code. The total tim es and the total o f  all self-directed learning times were then 

checked for correctness and im ported into SPSS for analysis. The self-directed 

learning tim e represented a single dependent variable.

M otivation

The M otivational Strategies for Learning Questionnaire (M SLQ), Part A 

was used to m easure course motivation. This part o f  the M SLQ has 31 self- 

report, Likert type item s in the same form at as Part B. The three primary 

constructs m easured by this instrum ent are a) value, b) expectancy, and c) 

affective elem ents o f  motivation. The value com ponent consists o f  intrinsic goal 

orientation, extrinsic goal orientation, and task value. Expectancy includes both 

control o f  learning beliefs and self-efficacy for learning and performance.

Finally, the affective com ponent is m anifested as test anxiety. The internal 

consistency is high for the motivational scales w ith reported coefficient alphas o f  

.90 for task value and .93 for self-efficacy for learning. Test anxiety and intrinsic 

goal orientation values were .80 and .74 respectively while the extrinsic goal 

orientation at .62 and control o f  learning beliefs o f  .68 showed more variability 

(Pintrich et al„ 1993). Since course m otivation is an integral com ponent o f  

student's self-directed learning (discussed in the conceptual framework section o f
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C hapter 1). the M SLQ  -  Part A was an  ideally suited instrum ent for m easuring 

this construct.

Grades

Grades are operationally defined as the grade assigned by the instructor on 

program m ing assignm ents for the related subject m atter content. The grades used 

w ere the program m ing assignm ent grades prior to the treatment g roup 's  first 

assignm ent, the program m ing assignm ent grade associated with the first 

problem -based learning experience (program m ing assignm ent #6), and the grade 

for the assignm ent associated with the second experience (program m ing 

assignm ent #7). The design o f  the problem -based m odules was such that the 

com pleted assignm ent's output should be identical to that o f  the control g roup 's  

assignm ent's output. This allowed the instructor to grade both group 's program s 

w ith the sam e criteria. All grades w ere reported on a scale from 0-100% .

Procedures

Data collection consisted o f  adm inistering the SDLRS, M SLQ (Part A and 

B), collecting individual student activity-tim e logs (journals), and obtaining 

program m ing assignm ent grades from  both groups. These data were collected 

prior to com m encem ent o f  problem -based learning for the treatm ent group, 

betw een the first and second treatments, and after the second and final treatm ent.
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The dem ographic data w ere collected concurrently w ith the pre-treatm ent 

adm inistration o f  the other instrum ents. S tudents in the treatm ent group and the 

control group w ere subjected to the same m easurem ent activities on 

corresponding first class m eetings o f  the m easurem ent w eek (the control group 

on M onday n igh t's  class and the treatment group on Tuesday n igh t's  class). The 

actual calendar o f  events is show n below  in Figure 3.3. The questionnaires were 

adm inistered during experim ent weeks 1, 4, and 7 w hile tim e logs were collected 

each week. The first in-class problem -based learning treatm ent took place during 

weeks 1 and 2 with the introduction o f program m ing assignm ent #6. The second 

in-class treatm ent began with program m ing assignm ent #7 in week 4 and 

extended through w eek 5. Students continued to w ork on the program m ing 

assignm ents and experience problem -based learning through week 8.

I
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Data w ere collected in paper format, transcribed into an Excel W orkbook, 

scored using spreadsheet com putations, and checked for com putational and 

transcription errors. Upon com pletion o f  data collection, the Excel file was 

im ported for analysis into the software program . Statistical Package for the 

Social Sciences (SPSS 10.05 for W indows, 1999).

Data Analysis Procedures

This study involves a single independent variable, the instructional method 

o f  a problem -based learning m ethod versus the traditional lecture-based teaching 

method and m ultiple dependent variables. The dependent variables are assum ed 

to be interval level. An appropriate statistical technique is an analysis o f  variance 

(A N O V A )(Cohen & Reese. 1994: Hair, A nderson. Tatham , & Black, 1998; 

Hertzog & Rovine, 1985; Krzanowski. 2000). W hen several m easurem ents are 

taken over tim e from the sam e respondent, a repeated m easures analysis is 

needed. Therefore, the repeated m easurem ent o f  the sam e students' self-directed 

learning readiness, skills, perform ance, course m otivation, and grades m andates a 

repeated m easures A NO V A (H air et al.. 1998: H ertzog. 1994; K rzanow ski, 2000; 

O 'Brien & K aiser. 1985: Tabachnick & Fidell, 2001).
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Sum m ary

The prim ary objective o f  this study was the determ ination o f  differences in 

undergraduate C om puter Science students' self-directed learning after 

experiencing problem -based learning versus traditional instructional m ethods. A 

quasi-experim ental design com pared a treatm ent group and a control group with 

m easurem ents over tim e o f  the students' self-directed traits and grades. For each 

o f  the five dependent variables, the research questions were:

1. Are there significant differences betw een students experiencing a problem - 

based learning teaching m ethod and students experiencing traditional lecture- 

based teaching m ethod?

2. Are there significant differences across time?

3. Is there a significant interaction betw een teaching m ethod and time?

The five dependent variables were: 1) students' self-directed learning 

readiness, 2) students' self-directed learning skills. 3) students' self-directed 

learning perform ance, 4) students' course m otivation, and 5) students grades on 

program m ing assignm ents.
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CH APTER 4 

RESULTS

This study exam ined a problem -based learning teaching m ethod as 

com pared to a traditional lecture based m ethod to determ ine the effects on 

undergraduate C om puter Science students' self-directed learning, course 

motivation, and program m ing assignm ent grades. The independent variable was 

a problem -based learning teaching m ethod versus the traditional lecture-based 

method. Course m otivation (M SLQ-A ), self-directed learning skills (M SLQ-B), 

sell-directed learning readiness (SLDRS). self-directed learning perform ance 

(SDL task tim e), and grades were the dependent variables. An alpha level o f  .05 

was used for all statistical tests.

The organization o f  this chapter begins w ith  a description o f  the sam ple 

and the associated descrip tive statistics. The next section discusses the prim ary 

data analysis including the assum ptions for a repeated m easures ANOVA. The 

"Sum m ary o f  R esults” section then answers each research question.

Data Analysis

The prim ary data analysis focused on the self-directed learning traits after 

students experienced problem -based learning. The statistical significance o f  any
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changes in the dependent variables over tim e both within the treatm ent group and 

between the treatm ent group and control group was determ ined w ith a repeated 

m easures A N O V A. However, prior to this, data analysis was needed to ensure 

the necessary criteria were m et for a repeated m easures A NOVA. Each o f  these 

assum ptions is addressed in the next section.

A ssum ptions fo ra  Repeated M easures A NOV A

Independence. A nalysis o f  variance assum es independent observations o f  

the dependent variable. The repeated observation o f  the dependent m easures in 

this design (pre-, mid-, and post-treatm ent o f  the experim ental group) violates 

this assum ption o f  independence. The repeated m easures analysis com pensates 

for the violation o f  this m ost im portant assum ption o f  independence (H air et al., 

1998, p. 347).

Independence between groups was not guaranteed. However, there is 

evidence to suggest the observations betw een groups were independent. The 

students in each group generally lacked the opportunity to confer w ith those o f 

the o ther group. The groups m et on alternate nights, students had heavy work 

schedules, and w ere generally taking two additional classes. One student 

questioned: “W hat is the other section doing?" T he response from  a only  one 

student was “th e  sam e thing.”  Later private discussion with the respondent 

revealed som e aw areness but no conferring on substantive topics. The policy o f
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the instructor and researcher w as to avoid, as m uch as possible, discussing one 

section w ith the other. O verheard com m ents o f  students also left the im pression 

that m ost were not aw are another section was involved in the study until after 

m id-w ay through the experim ent. Thus, it was assum ed their was sufficient 

independence betw een groups.

Equality o f  V ariance-C ovariance M atrices. This assum ption calls for the 

equality o f  the variance-covariance m atrix (G irden, 1992; Hertzog & Rovine, 

1985; O 'Brien & Kaiser, 1985). Violation o f  this assum ption increases the Type I 

error in the m ain effects and interactions as w ell as results in a loss o f  pow er 

(O 'B rien & Kaiser, 1985, p. 317). The Levene test o f  the hom ogeneity o f  

variance for each dependent variable across all level com binations o f  the 

between-subjects factors determ ined that the error variance o f  the dependent 

variables was equal across groups with the only possible exceptions being the 

pre-treatm ent self-directed learning skills and die pre-treatm ent grades. See I. : 

Levene's Test o f  Equality o f  E rror Variances. How ever, this problem  is 

inconsequential since " ...  a violation o f  this assum ption has m inim al im pact if  

the groups are o f  approxim ately  equal size" (H air et al., 1998. p. 348). The 

groups in this study w ere equal in size.

Sphericity. In the repeated m easures analysis, all variances o f  the repeated 

m easurem ents should be equal and all correlations betw een the pairs o f  repeated 

m easurem ents should also be equal. V iolations o f  sphericity inflates the T ype I
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error rate. M auchly's test for sphericity indicated that the assum ption o f  

sphericity was met (see I. : M auchly’s Test o f  Sphericity).

N orm ality . A nother assum ption for a repeated m easures A N O V A  is that 

the dependent m easures are norm ally distributed. Tests o f  norm ality confirm ed 

that all dependent variab le m easurem ents appear to be norm ally distributed 

except for the grades o f  the control group on program m ing assignm ent #6 and 

assignm ent #7. The Shapiro-W ilk test (see I. : Tests o f  Norm ality) was an 

appropriate tool because o f  the sm all sam ple size (SPSS, 1999)). Norm al Q-Q 

Plots o f  expected norm al values versus observed values exhibit linear 

correlations as expected for norm ally distributed data and corroborate the 

Shapiro-W ilk test. Because M AN O VA  is relatively robust to violations o f 

norm ality (H air et al.. 1998; O 'B rien & Kaiser, 1985), the non-norm al 

program m ing assignm ent grades is less problem atic.

Thus the criteria necessary for a repeated m easures A N O V A  w ere either 

m et o r determ ined to have little adverse im pact.

D em ographic Data

Demographic data for the treatm ent and control groups are sum m arized in 

Table 4.1. There w ere no statistically significant differences betw een the control 

group and the experim ental group on any o f  the dem ographic characteristics.
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Table 4.2 shows the results o f  the independent sam ples r-Tests for the metric 

dem ographic data.

Table 4.1. D em ographic Data

Treatm ent Grou p Control Group
M ean Std. Dev. n M ean Std. Dev. n

Age 26.50 7.82 8 31.88 10.15 8
Num Classes 3.25 .89 8 2.63 1.06 8
CSI courses 1.25 1.16 8 2.38 1.41 8
Total Credits 62.43 40.11 7 65.88 44.30 8
W ork HRS 36.07 15.92 8 24.50 17.94 8
GPA 3.25 .67 6 3.08 .89 4

Table 4.2. /-Test o f  D em ographic Data

t-test for Equality o f  M eans

t d f
Sig.

(2-tailed)
M ean

D ifference

Std.
Error

Difference

95%  Confidence 
Interval o f  the 

D ifference
Low er Upper

Age 1.19 14 .255 5.38 4.53 -4.34 15.09
Num Classes -1.28 14 .222 -.63 .49 -1.67 .42
CSI courses 1.74 14 .104 1.13 .65 -.26 2.51
Total Credits .157 13 .878 3.45 21.95 -43.98 50.87
W ork HRS -1.36 14 .194 -11.56 8.48 -29.751 6.626
GPA -.36 8 .729 -.176 .49 -1.306 .955

62

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

Results o f  M ajor A nalysis

The effects o f  the teaching m ethod, time, and the interaction o f  m ethod and 

tim e w ere determ ined for each dependent variable. The following descriptive 

statistics tables for each dependent variable present the m eans, standard 

deviation, and sam ple sizes by teaching m ethod for each o f  the three 

m easurem ent times. These tables also include sum m ary statistics by teaching 

m ethod and tim es. The ANOVA tables for each dependent variable are presented 

im m ediately after the associated descriptive statistics table. Statistically 

significant results are briefly noted and include plots o f  estim ated marginal 

means over tim e for each teaching method.
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Table 4.3. Descriptive Statistics for Self-Directed Learning Readiness

1
TIM E

2 3

'l'
ea

ch
in

g
M

et
ho

d T raditional
224.12 
(31.98) 

n = 8

222.38 
(30.33) 
n = 8

223.50 
(25.63) 

n = 8

224.12 
(31.98) 
n = 24

PBL
235.63 
(31.28) 

n = 8

232.38 
(29.15) 
n = 8

233.38 
(31.63) 

n = 8

235.63 
(31.28) 
n = 24

229.88 
(31.13) 
n = 16

227.38 
(29.20) 
n = 16

228.44 
(28.27) 
n = 16

Table 4.4. ANOV A Table for Self-D irected Learning Readiness

SV SS d f MS F p-value
M ethod (M) 1312.521 1 1312.521 .505 .489
s: M 36351.958 14 2596.568
Tim e (T) 50.375 2 25.187 .428 .656
M x T 6.542 2 3.271 .056 .946
s: M x T 1646.417 28 58.80
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Table 4.5. Descriptive Statistics for Self-Directed Learning Skills

1
TIM E

2 3
208.75 210.5 223.12 214.13

BP Traditional (35.65) (47.22) (27.81) (33.91)
.= cr— n = 8

00IIc n = 8 n = 24
C3 222.00 214.75 216.88 217.88

r— ^ PBL (13.21) (30.74) (31.81) (22.80)
n = 8 n = 8 n = 8 n = 24

215.38 212.63 220.00
(26.86) (38.55) (29.05)
n = 16 n =  16 n = 16

Table 4.6. ANO VA  Table for Self-Directed Learning Skills

SV SS df MS F p-value
M ethod (M) 168.750 1 168.750 .067 .799
s: M 35064.583 14 2504.613
Tim e (T) 444.500 2 222.250 .637 .537
M x T 762.000 ■> 381.000 1.091 .350
s: M x T 9774.167 28 349.077
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Table 4.7. Descriptive Statistics for Self-Directed Learning Performance

1
TIM E

2 3

T
ea

ch
in

g
M

et
ho

d T raditional
No

Data

102.17 
(52.21) 

n = 6

72.50 
(70.99) 
n = 6

87.33 
(56.43) 
n =  12

PBL
No

Data

200.00 
(46.44) 

n = 6

142.50 
(83.89) 

n = 6

171.25 
(42.82) 
n =  12

No
Data

151.08 
(69.50) 
n = 12

107.50 
(82.62) 
n =  12

Table 4.8. A N O V A  Table for Self-D irected Learning Perform ance

SV SS d f MS F p-value
M ethod (M ) 42252.042 1 42252.042 8.420 .016
s: M 50179.417 10 5017.942
Tim e (T) 11397.042 1 11397.042 3.292 .100
M x T 1162.042 1 1162.042 .336 .575
s: M x T 34616.417 10 3461.642

The effect o f  m ethod on perform ance is significant. The effect o f  teaching 

m ethod was significant w ith the problem -based learning group mean time o f 

171.25 as com pared to the traditional g roup 's  87.33 m inutes (see Table 4.7). 

H owever, the effect o f  tim e and the m ethod x tim e interaction w ere not 

significant. The possible explanations are discussed in chapter 5.
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Table 4.9. D escriptive Statistics for M otivation

1
TIM E

3

1
re

ac
hi

ng
M

et
ho

d T raditional
167.75 
(23.73) 

n = 8

167.75 
(24.38) 

n = 8

169.62 
(21.87) 

n = 8

168.38 
(21.87) 
n = 24

PBL
165.38 
(17.25) 

n = 8

159.50 
(19.40) 

n = 8

156.88 
(15.88) 

n = 8

160.58 
(15.20) 
n = 24

166.56 
(20.08) 
n = 16

163.63 
(21.70) 
n =  16

163.25 
(18.07) 
n =  16

Table 4.10. A NOVA Table for M otivation

SV SS d f MS F p-value
M ethod (M ) 728.521 1 728.521 .685 .422
s: M 14893.458 14 1063.818
Tim e (T) 105.292 2 52.646 .679 .515
M x T 216.542 2 108.271 1.396 .264
s: M x T 2172.167 28 77.577
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Table 4.11. Descriptive Statistics for Grades

1
TIM E

2 3
98.000 84.69 77.97 86.89

Traditional (1.60) (12.04) (11.08) (7.05)
.=  o n = 8 n = 8 n = 8 n = 24
% v  D 5 94.25 61.25 63.13 72.88

F~ PBL (4.89) (15.32) (18.24) (11.92)
n = 8 n = 8 n = 8 n = 24
96.13 72.97 70.55
(4.01) (17.99) (16.47)
n = 16 n = 16 n = 16

Table 4.12. A NOV A  Table for Grades

SV SS d f MS F p-value
M ethod (M) 2355.501 1 2355.501 8.187 .013
s: M 4027.914 14 287.708
Tim e (T) 6380.362 2 3190.181 44.585 < .001
M x T 779.362 2 389.681 5.446 .010
s: M x T 2003.484 28 71.553

The effect o f  teaching m ethod, time, and the interaction o f  m ethod x tim e 

on grades was significant. The means for grades by teaching m ethod were 86.89 

for the traditional and 72.88 for the problem -based group. The m eans over tim e 

w ere 96.13. 72.97. and 70.55 for tim es 1, 2, and 3 respectively (see Table 4.11). 

The significant interaction is illustrated in Figure 4.1. G rades o f  both groups 

dropped dram atically betw een the first assignm ent (Tim e 1) and subsequent
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assignm ents (Tim es 2 and 3). The drop is m uch greater for the problem -based 

learning teaching m ethod group. Possible explanations are discussed in chapter
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Figure 4.1. Program m ing A ssignm ent Grades

Sum m ary o f  Results by Research Q uestion

This section presents the results o f  the statistical analyses organized by 

individual research question. The repeated m easures analysis o f  variance
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revealed no statistically  significant differences for any o f  the dependent variables 

with the exception o f  grades.

Research Q uestion 1

The first question asked w hether there are significant differences between 

students experiencing a problem -based learning teaching m ethod and students 

experiencing traditional lecture-based teaching m ethod for a) self-directed 

learning readiness, b) self-directed learning skills, c) self-directed learning 

perform ance, d) students* course m otivation, and e) program m ing assignm ent 

grades.

Self-D irected Learning Readiness. There were no statistically significant 

differences in self-directed learning readiness scores regardless o f  the teaching 

m ethod. The F ratio for the m ain effect w as F ( l ,  14) = .505, p  =.489. (Table 4.4, 

page 64).

Self-D irected Learning Skills. There w ere no statistically significant 

differences in self-directed learning skills scores regardless o f  the teaching 

method. The F ratio for the m ain effect w as F (1 .14)  = .067. p  =.799. (Table 4.6. 

page 65).

Self-D irected Learning Perform ance. The effect o f  teaching m ethod was 

statistically significant for self-directed learning perform ance. The F ratio for the 

m ain effect w as F (1 .1 0 )  = 8.42. p  =.016. (Table 4.8. page 66).
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Students' Course M otivation. D ifferences in students' course motivation 

were not statistically  significant regardless o f  the teaching m ethod. The F ratio 

for the m ain effect was F ( l .  14) = .685, p  =.422. (Table 4.10, page 67).

Program m ing A ssignm ent G rades. D ifferences in grades w ere statistically 

significant. The F ratio for die m ain effect was F ( 1 , 1 4 ) = 8.187, p  =.013. The 

mean o f the lecture-based g roup 's  grades w as higher. (Table 4.12. page 68).

Research Q uestion 2

The second question asked w hether there are significant differences over 

the three tim e periods for a) self-directed learning readiness, b) self-directed 

learning skills, c) self-directed learning perform ance, d) students' course 

m otivation, and e) program m ing assignm ent grades.

Self-D irected Learning R eadiness. T here were no statistically significant 

differences in self-directed learning readiness scores over the three tim e periods 

(pre-, mid-, or post-treatm ent). The F ratio for the time effect was F(2.28)  = .428. 

p  =.656. (Table 4.4, page 64).

Self-D irected Learning Skills. There w ere no statistically significant 

differences in self-directed learning skills scores over the three tim e periods (pre- 

, mid-, o r post-treatm ent). The F ratio for the tim e effect was F(2)  =  .637. p  

=.537. (Table 4.6, page 65).
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Self-D irected Learning Perform ance. There were no statistically significant 

differences in self-directed learning perform ance scores over the two times 

(corresponding to assignm ents #6, T2 and assignm ents #7. T3). No data were 

available for self-directed learning perform ance prior to the beginning o f  the first 

treatm ent period. The F ratio for the tim e effect was F ( l ,  10) =  3.292, p  =. 100. 

(Table 4.8. page 66).

Students* Course M otivation. D ifferences in students’ course m otivation 

w ere not statistically significant over the three time periods (pre-. mid-, or post­

treatm ent). T he F ratio for the tim e effect was F(2,28)  = .679, p  =.515. (Table 

4.10. page 67).

Program m ing A ssignm ent G rades. G rades w ere statistically different over 

tim e w ithin-groups. The F ratio for the tim e effect was F(2 ,28 )  = 44.585. p  < 

.001. (Table 4.12, page 68). The grades o f  both groups declined significant from 

the pre-treatm ent time to m id- and post-treatm ent times.

Research Q uestion 3

The third question asked w hether the interaction o f  tim e and teaching 

m ethod w ould be have a significant effect on a) self-directed learning readiness,

b) self-directed learning skills, c) self-directed learning perform ance, d) students* 

course m otivation, and e) program m ing assignm ent grades.
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Self-D irected Learning R eadiness. The self-directed learning readiness 

scores show ed no statistically significant differences for the m ethod x time 

interaction. The F ratio for the m ethod x tim e interaction was F t  2 .28)  = .056. p  

=.946. (Table 4.4, page 64).

Self-D irected Learning Skills. There were no statistically significant 

differences in self-directed learning skills scores for the method x time 

interaction. The F ratio for the m ethod x tim e interaction was F t 2 .28)  = 1.091. p  

=.350. (Table 4.6, page 65).

Self-D irected Learning Perform ance. There w ere no statistically significant 

differences in self-directed learning perform ance scores for the m ethod x tim e 

interaction. The F ratio for the m ethod x tim e effect w as F t 1 , 10) = .336. p  =.575. 

(Table 4.8, page 66).

S tudents’ Course M otivation. D ifferences in studen ts' course m otivation 

w ere not statistically significant for the tim e*m ethod interaction. The F ratio for 

the m ethod x tim e effect was F(2 ,2 8)  = 1.396, p  = .264. (Table 4.10. page 67).

Program m ing A ssignm ent G rades. There was a statistically significant 

m ethod x tim e interaction. The F ratio for the tim e effect was F t 2 ,28)  = 5.446, p  

=.010. (Table 4.12. page 68).
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Sum m ary

In sum m ary, the effects o f  teaching m ethod, tim e, and m ethod x time 

interaction w as not statistically significant on students* self-directed learning 

readiness, self-directed learning skills, or course m otivation occurred. These self­

directed learning com ponents did not differ for the students experiencing a 

problem -based learning teaching m ethod nor was there any differences for the 

traditional lecture-based method.

The effect o f  teaching m ethod on self-directed learning perform ance was 

statistically significant with the problem -based m ethod groups' performance 

scores greater than those o f  the traditional lecture-based groups.' However, the 

effect o f  tim e and the method x tim e interaction were not statistically significant 

for self-directed learning perform ance.

Program m ing assignm ent grades appeared to differ significantly with 

teaching m ethod, over time, and w ith the m ethod x tim e interaction. The 

traditional lecm re-based m ethod group consistently dem onstrated statistically 

higher grades than the problem -based learning m ethod group.
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C H A PTER 5 

D ISCU SSION

A problem -based learning teaching m ethod was com pared w ith a 

traditional lecture-based teaching m ethod to determ ine the effects on 

undergraduate C om puter Science students* self-directed learning and 

program m ing assignm ent grades. An integrated construct o f  self-directed 

learning included a) self-directed learning readiness b) self-directed learning 

skills, c) self-directed learning perform ance, and d) students' course motivation.

Q uasi-experim ental designs w ere used to compare a problem -based 

teaching m ethod and a traditional lecture-based method in two sections o f  a CSI 

course taught by the sam e instructor. Each o f  the self-directed learning 

com ponents and grades were m easured for students experiencing traditional 

instructional m ethods and problem -based learning m ethods. Readiness was 

m easured w ith the Self-D irected Learning Readiness Scale, skills w ith the 

M otivated Strategies for Learning Q uestionnaire-Part B, perform ance with tim e 

spent on self-directed learning tasks, and course motivation w ith the M otivated 

Strategies for Learning Q uestionnaire-Part A. The grade m easurem ent was the 

course instructor's percentage score given to students' program m ing 

assignm ents.
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The results, described in C hapter 4, revealed significant differences in 

perform ance but showed no significant differences for either group in students' 

self-directed learning readiness, self-directed learning skills, or course 

motivation. The effect o f  teaching m ethod was statistically  significant on 

problem -based learning perform ance with the treatm ent group spending more 

time on self-directed learning tasks. The effects o f  teaching m ethod, tim e, and the 

interaction o f  m ethod x tim e w ere statistically significant on grades. A ll grades o f  

the group taught w ith problem -based learning m ethods w ere low er than those o f  

the group taught with traditional lecture-based methods. However, the 

program m ing assignm ent grades o f  both groups significantly  declined over time.

The rem ainder o f  this chapter discusses these findings, provides possible 

explanations for the lack o f  significant differencess in self-directed learning 

traits, exam ines the problem -based learning treatm ent, addresses lim itations o f 

the study, and offers topics for further investigation.

Self-D irected Learning Com ponents

The conceptual fram ew ork proposed an integrated self-directed learning 

construct com posed o f  self-d irected learning readiness, self-directed learning 

skills, self-directed learning perform ance, and students' course m otivation. For 

each o f  these dependent variables, the three research questions asked: a) Are 

there significant differences betw een students experiencing a problem -based
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learning teaching m ethod and students experiencing traditional lecture-based 

teaching m ethod? b) Are there significant differences across time? And c) Is 

there a significant interaction betw een teaching m ethod and time?

Students in the both groups exhibited no significant differences in the 

readiness, skills, or m otivation. One possible explanation that applies for each 

dependent variable is the low statistical pow er resulting from extrem ely small 

sam ple sizes (eight in each group). O nly large effects are likely to be observed 

with these sam ple sizes.

Self-D irected Learning Readiness

The lack o f  an observed difference in students' scores for self-directed 

learning readiness could be because a) the problem -based learning had no effect, 

b) the effect size was too small to observe given the sm all sam ple size, c) the 

level, quality, or duration o f  the problem -based learning treatm ent was 

insufficient to have an observable effect or d) the already relatively high self­

directed learning readiness left little room  for increase.

The overall self-directed learning readiness scores (m ean o f  approxim ately 

229) were considered “ above average" and ju s t below  "high ." SDLRS scores are 

categorized as Low (58-188), Below Average (189-203). A verage (204-218). 

A bove A verage (219-232), and High (233-290) w ith an  overall population mean 

o f  214 (Jones. 1989).
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Table 4.3 (page 64) shows that the problem -based learning groups' 

readiness scores w ere consistently higher over tim e although me difference is not 

statistically significant (see Table 4.4, page 64). The problem -based group w ould 

be categorized as ' “high" in self-directed learning w hile the traditional lecture- 

based group rem ained in the “above average" range. Both groups are certainly 

above average, although not statistically different from each other.

There are several possible explanations for no significant differences in 

SDLRS scores. In a study using learning contracts as a tool to teach self- 

direction, C'affarella and Caffarella (1986) found no differences in SDLRS scores 

o f  students m easured at the start and end o f  the course. They did find some, 

although limited, im pact on self-directed learning. Two o f their conclusions m ay 

be pertinent to the findings in this study. The SDLRS measures attitudes towards 

self-directedness rather than specific abilities so differences in com petencies m ay 

not be reflected in differences in attitudes. The ceiling effect may also be a factor 

in the lack o f  differences. Caffarella and C affarella ( 19S6) argued that high initial 

scores on the SDLRS leave little room  for significant increases. A lthough the 

scores o f  the C SI undergraduates w ere in the m id 220 's  to mid 230 's  as 

com pared to the graduate students' scores at 240 in the Caffarella study, the 

ceiling effect m ay have played som e role here too.

Exam ination o f  the scores in Table 4.3 (page 64) reveals that students were 

very stable in their attitudes toward self-directed learning readiness. The
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students' report o f  their perceptions o f  self-directed learning readiness did not 

change.

Self-D irected Learning Skills

The failure to find a difference in self-directed learning skills can be 

attributed to m ost o f  the sam e factors as those for self-directed learning 

readiness: a) the problem -based learning had no effect, b) the effect size was too 

small to observe given the small sam ple size or c) the level, quality, o r duration 

o f  the problem -based learning treatm ent was insufficient to have an observable 

effect. Table 4.5 (page 65) shows that the problem -based learning g roups' skills 

scores were initially h igher but declined and rem ained essentially fiat over tim e 

although the difference is not statistically significant (see Table 4.6, page 65). 

However, the traditional groups' scores revealed an increase for the last 

m easurement. A gain, these differences were not statistically significant.

The possibility  rem ains that the M SLQ-B does not m easure the exact skill 

set required for self-directed learning. In Table 3.2 (page 25), the skill sets for the 

M SLQ-B include m any skills im portant to self-directed learning but these m ay 

not represent all the specific skills required. The assessed skills m ay be necessary 

but not sufficient to fully describe self-directed learning skills. A lthough beyond 

the scope o f  this study, correlations o f  subcategories from the instrum ent w ith 

self-directed learning m ight prove useful. Future research is needed to investigate
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specific m easures o f  self-directed learning skills both as perceived by the student 

and as dem onstrated.

Self-D irected Learning Perform ance

The analyses for self-directed learning perform ance show ed that the effect 

o f  teaching m ethod w as significance at the .05 level. The F ratio for the teaching 

m ethod effect was F ( l , 1 0 )  = 8.420 p  =.016 (see Table 4.8. page 66). However, 

the effect for tim e was not significant (F ratio for the tim e effect was F ( l , 1 0 )  = 

3.292. p  =.100). The m ethod x tim e interaction w as also not significant w ith an F 

ratio o f  F ( l .  10) = .336. p  =.575. (Table 4.8. page 66). The following observations 

are m ade with the recognition that the sample size w as sm all. No data were 

available on self-directed learning perform ance tim e prior to the beginning o f  the 

experim ent so only tim e on assignm ents #6 and #7 w ere available. The prior 

program m ing assignm ents w ere not sufficiently com plex that tim e tracking by 

the activity codes w ould have been m eaningful. D escription o f  these pre­

treatm ent assignm ents is m ore fully discussed under “G rades,” page 82.

Table 4.7, page 66, show s the significantly h igher perform ance tim es for 

the problem -based learning group. The use o f  the problem -based learning 

teaching m ethod required students to spend m ore tim e on the self-directed 

learning activities. W ithout the guidance and structure o f  the problem -based 

learning m ethod, the lecture-based group reported less tim e thinking about their
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learning needs, how  to address them, and reflecting on their own learning than 

did the problem -based group.

The declines in self-directed learning perform ance over time shown in 

Table 4.7 m aybe explained by the need for less tim e to com plete the second 

assignm ent. The second assignm ent allow ed som e reuse o f  skills and knowledge 

necessary for the first assignm ent. Both groups required less total time to 

com plete the second assignm ent (only 55%  o f the time needed for the first 

assignm ent for the treatm ent group and 68%  for the control group).

There w ere concerns about the quality o f  the reported time data. Students 

were asked to keep time logs for all their activities associated with each 

program m ing assignm ent. All tim e spent on each assignm ent should have been 

designated w ith an activity code designed to identify self-directed learning 

perform ance. Initially, students diligently recorded their tim e and activity codes. 

However, students reported difficulty in accurately partitioning time into 

appropriate activity codes. Som e students m ay have given up accurately 

reporting correct activity codes.

The quality o f  the tim e reporting data and inadequate sample size reduce 

the confidence in these findings. Further d iscussion o f the perform ance 

com ponent is found in recom m endations for future research.
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Course M otivation

Problem -based learning and traditional teaching m ethods w ere not shown 

to have a significant effect on the m otivation com ponent. The problem -based 

learning group experienced an insignificant decline in m otivation scores over 

tim e (shown in Table 4.9. page 67). The use o f  authentic problem s in the 

problem -based learning method did not appear to im pact student m otivation. The 

students' experience o f  a new, unfam iliar teaching method m ay account for the 

lack o f  effect. A lthough beyond the scope o f  this study, an exam ination o f  the 

individual m otivational com ponents o f  the M SLQ-A m ight offer greater insight.

A final consideration is that the direct connection between m otivation 

m easured by the M SLQ-A  and m otivation for self-directed learning m ay be too 

am orphous to yield m eaningful results. H owever, since differences in m otivation 

scores w ere not statistically significant in this study, further d iscussion is not 

warranted.

Grades

The statistical analysis show ed that the effect o f  teaching m ethod, time, and 

the interaction o f  m ethod x time on grades w as significant. The problem -based 

m ethod group consistently earned low er grades over tim e for the program m ing 

assignm ents than the traditional m ethod group. The obvious conclusion is that a
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traditional lecture-based teaching m ethod yields better grades. However, 

additional investigation revealed other factors that likely influenced grades. 

A lthough analysis o f  the dem ographic data show ed no statistical differences 

between the groups, som e o f  these factors m ay have contributed to low er grades 

for the treatm ent group.

Both g roup 's  pre-treatm ent grades were extrem ely high com pared to their mid- 

and post-treatm ent scores. These declines and the differences between the groups 

are dram atically illustrated in Figure 5.1 below.
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Figure 5.1. Program m ing A ssignm ent Grades
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The average grades on the pre-treatm ent program m ing assignm ents were 

98%  for the control group and 94.25%  for the treatm ent group. These 

anom alously high pre-treatm ent grades can be accounted for by two factors.

First, the pre-experim ent assignm ents lacked the higher level o f  difficulty found 

in assignm ents #6 and #7. The second factor is that the grading schem e prior to 

the experim ent w as m ore lenient than that for the experim ent assignm ents.

The first assignm ent score consisted o f  an aggregation o f  short assignm ents 

requiring the students to "type and run" program s. Students were given paper 

copies o f  sim ple program s and code com ponents o f  program s from which they 

created their ow n program . These tasks w ere prim arily  a test o f  their ability to 

configure their program m ing environm ent rather than define, design, and 

im plem ent a program . The assignm ents for program s #6 and #7 were 

significantly m ore difficult requiring students to define, design, and im plem ent a 

solution to the problem  on their own.

The grading schem e varied between the first assignm ent and subsequent 

assignm ents. Students w ere allow ed to subm it m ultiple times w ith instructor 

feedback each tim e for the first assignm ent before the final grade was assigned. 

H owever, the grades for assignm ents #6 and #7 w ere based on a single 

subm ission o f  the student's program  w ithout prior instructor feedback.

The change in assignm ent difficulty and the m ore stringent grading o f  the 

last two assignm ents explains the low er grades as com pared to the first
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assignm ent. Since both groups experienced the drop, it is difficult to attribute the 

difference over tim e prim arily to teaching method.

The treatm ent g roup 's  consistently low er grades may also have been 

influenced by factors other than, or in addition to, teaching m ethod. Com pared to 

the traditional m ethod group, students in the problem -based group had com pleted 

fewer com puter science courses, worked m ore hours outside o f  school each 

week, carried a heavier concurrent course load, and were younger. Table 5.1 

com pares these factors for the two groups. W hile none o f  these differences were 

statistically significant, the influence on program m ing ability could contribute to 

differences in grades.

Table 5.1. Selected D em ographic Data

PBL G roup Traditional Group
M ean Mean

Previous CS Courses 1.29 2.38
W ork HRS peer W eek 36.07 24.50
N um ber Concurrent Classes 3.29 2.63
Age 27.14 31.88

The actual experience level o f  program m ing expertise for the control group 

seems to have been greater w ith an average o f  one m ore course than the 

treatm ent group. The control group also spent 11.5 hours less w orking each w eek 

and was taking less o ther courses than the treatm ent group.
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Problem -Based Learning Teaching M ethod

Since the research was directed tow ard com paring problem -based learning 

instruction versus traditional lecture-based instruction on students* self-directed 

learning, the problem -based m ethod is detailed here. The problem -based learning 

treatm ent involved two problem  scenarios associated w ith program m ing 

assignm ents (See A. IN ST R U C T O R 'S  GUIDE: PBL EX ERCISE I and C. 

IN ST R U C T O R 'S  GUIDE: PBL EX ERCISE 2). Each problem  was presented, 

investigated, and studied over two w eeks class time (4- tw o hour class periods) 

using the problem -based learning teaching method. The actual calendar time 

included an additional w eek betw een the two problem -based learning 

experiences during w hich the instructor gave a review  session class and the first 

exam  o f  the sem ester. Instructor im posed deadlines for the program m ing 

assignm ents w ere an additional two w eeks beyond the com pletion o f  the 

problem -based learning experience. The actual sequence o f  events is shown in 

Figure 3.3. Calendar o f  Events (page 55).

During the problem -based learning treatm ent o f the experim ental group, 

the instructor served as a subject m atter expert and co-tu tor w hile the researcher 

functioned as the prim ary problem -based learning tutor. The Problem  Logs 1 -  9
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o f  the in struc to r's  guides for PBL w ere used to ensure the problem -based 

learning experience was adm inistered consistently and correctly  (See A. 

IN ST R U C T O R ’S GUIDE: PBL EXERCISE 1 and C. IN ST R U C T O R 'S  GUIDE: 

PBL EX ERCISE 2 for Problem  Logs 1 -  9). The problem -based learning method 

included the characteristics described in Table 5.2.

M any o f  the process steps required students to individually com plete the 

activities begun in class (especially sequence steps 2. 3. and 4). The continuation 

o f  the process outside o f  class and the engagem ent o f  students in-class were 

problem atic. Deficits in the overall quality o f  the problem -based learning 

treatm ent received by the students w arrant further discussion.
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Table 5.2. Problem-Based Learning Characteristics

Characteristic D escription
Problem Ill-defined & com plex
Learning Issues Teacher defined through selection o f  problem  

though not explicitly revealed to students; Student- 
defined with facilitation tow ard problem  solution

Tutoring/Facilitation Tutor (the researcher) facilitated the problem -based 
learning process; Instructor as a subject m atter 
expert resource and secondary tutor; Scripted 
guides for the instructor/tutor and guided exercises 
for the students

G roup size A verage size o f  4-5 for problem  clarification and 
definition o f  learning issues; process tutoring and 
plenary sessions in both groups and as a whole 
class

Process sequence 1. Problem  presentation
2. G roups refine problem  aspects and define 

needed learning issues (in-class) with 
facilitation (w hat they know, w hat they need to 
know )

3. G roups define resources (in-class) with 
facilitation

4. Individuals use resources for learning
5. Individuals share know ledge in groups (in- 

class)
6 . G roups sum m arize results for learning issues 

(in-class) w ith facilitation
7. Individuals com plete im plem entation o f 

problem  solution
Problem  duration A pproxim ately 2 weeks (calendar time)

Q uality o f  Problem -Based Learning Treatm ent

A lthough the teaching m ethod was rigorously follow ed, student reception, 

responsiveness, and participation varied. O bservations during the experim ent
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suggested that the quality o f  the treatm ent experienced by individual students 

varied greatly.

Som e students rem ained fairly passive in spite o f  the active learning 

teaching activities. If  students failed to engage or participate either in-class or 

outside o f  class, the treatm ent was dim inished. The recalcitrant students also 

failed to dem onstrate basic study behaviors such as note taking, reading the 

textbook, reading instructor prepared handouts, or reading the problem -based 

learning guides.

Significant lack o f  regular attendance also dim inished the treatm ent for all 

students. Even fully engaged students w ere adversely affected by others' 

disengagem ent. M arginally  engaged and absent students disrupted m any o f  the 

collaborative activities in problem -based learning. In addition to irregular 

attendance, lack o f  in-class participation and failure to bring new  know ledge for 

sharing w ith peers (step 5 in the process sequence) were two com m only observed 

problem s. These problem s negatively affected the quality o f  the experience since 

problem -based learning requires a significant collaborative learning com ponent 

(Cockrell et al„ 2000; H m elo & Ferrari, 1997). Successful collaborative learning 

requires positive interdependence am ong group m em bers (Johnson & Johnson, 

1999) w hich is d ifficu lt to achieve w ith such dynam ic groups. U nfortunately, 

participating studen ts ' experience was adversely im pacted by the ir peers ' failure 

to engage, participate, o r attend regularly.
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A nother adverse factor that m ay have lessened the quality o f  the treatment 

is the transition from the familiar, traditional lecture-based teaching to the 

problem -based m ethod. Student difficulties in transitioning to a different, more 

active, teaching m ethod, specifically problem -based learning, have been noted by 

others (D unlap, 1996: Loats. 2001). The use o f  the problem -based learning 

scripts and logs was used as scaffolding to facilitate this adjustm ent and insure 

the process w as accurately im plem ented (A. IN ST R U C T O R 'S G U ID E: PBL 

EXERCISE 1 and C. IN ST R U C T O R 'S  GUIDE: PBL EX ERCISE 2, Problem 

Logs 1 -  9). These scripts specifically addressed this concern o f  needing to learn 

the process. The addition o f  a second treatm ent period also allow ed students 

m ultiple experiences to reach a certain level o f  expertise w ith the process.

The lack o f  participation during in-class group activities was observed and 

efforts w ere m ade to rectify the problem . A significant portion o f  the tutorial 

effort focused on engaging non-contributing students. The reluctant students 

w ere gently coerced tow ard a perfunctory level o f  engagem ent w ith in-class 

activities. H ow ever, time logs indicated little or no outside o f  class effort from 

these students. M any o f  these students reported zero task tim e on outside 

activities during the weeks o f  each problem -based learning m odule. These 

students' tim e reporting revealed the effort was greatest im m ediately p rior to 

assignm ent due dates. Table 5.3 show s the num ber o f  students reporting time 

(greater than zero m inutes) on the assignm ent for each w eek. O nly students
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com pleting the study are included. The num ber o f  students reporting times 

greater than zero reveals that the treatm ent group students apparently did not 

report all their tim e as the experim ent progressed. Two students subm itted 

assignm ents after w eek 7 w ithout reporting any  tim e after week 7.

Table 5.3. Reported Total Effort (Time) on A ssignm ents by W eek

Week Activity
Program so Program ~7

T reatment 
Group

Control
Group

T reatment 
Group

Control
Group

N 1 Tim e' N 1 T im e: N ‘ Time' N 1 Tim e'

1 PBL Treat 
Program  #6

201
(8 )

141
(5)

2 165
( 8 )

354
(4)

3 Exam 1
184
(4)

175
(2)

4
PBL Treat 
Program  #7

307
(5)

1
239
(4)

166
(7)

261
(3)

5 2 462
(5)

6
439
(7)

321
(2)

290
(I)

6 #6 Due 1
163
(3)

1 I 201
( 6 )

285
(7)

7 3
425
(1)

3 493
( 6 )

5
267
(5)

8 #7 Due 2 1
9 1
10 1

1 11 1 1 1 i

' N um ber o f  students subm itting the assignm ent
: Average w eekly  times in m inutes reported. N um ber o f  students reporting time > 
0 is in parentheses.
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The extended due dates for the program m ing assignm ents also allow ed the 

less engaged and procrastinating students to dissociate the problem -based 

learning experience from the actual problem  solving (and learning) necessary to 

com plete the assignm ent. Due dates for the assignm ents extended an additional 

two w eeks beyond the com pletion o f  the associated experience (see calendar 

Figure 3.3, page 55). M ost students focused on com pleting the program m ing 

assignm ents well after the in-class problem -based learning experience. The 

treatm ent group reported that over 83%  o f  the tim e on program  #6 was expended 

after the associated problem -based learning was com pleted (see Table 5.3 

above). The earliest subm itted w ork for the treatm ent group was in the third 

week after the com pletion o f  the corresponding problem -based learning activity. 

Three students subm itted in w eek 7. fully three w eeks afte r the experience while 

two o ther subm issions cam e m ore than eight weeks later.

As with any real-world classroom , the teaching m ethod (treatm ent) was 

received and experienced to differing degrees by each student. No attem pt was 

made to m easure these levels o ther than to observe the phenom enon during the 

experim ent. It is possible that the overall treatm ent level m ay have been m inim al 

for m any o f  the students. The students unevenly experienced the problem -based 

learning treatm ent because o f  irregular attendance, inadequate participation, and 

lack o f  concurrency o f  treatm ent w ith problem  solution. The acceptance and
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participation in the treatm ent was analogous to patients electing to take all, part 

of, or none o f  the prescribed m edication.

Lim itations

The generalizability o f  these results to a larger population cannot be made 

because o f  a very small sam ple size. A lso, the use o f  only one class in each group 

seriously lim its the generalizability o f  the findings. The nature o f  teaching with 

problem -based learning in an undergraduate Com puter Science setting generally 

precludes very large sample sizes. Unfortunately, in this study, sam ple size was 

further reduced by the extrem ely high attrition. The study began with nearly 40 

subjects and ended with only 16. Too m any students sim ply failed to com plete 

the necessary coursework. For the two sections, the course failure rate was 55°o. 

Furtherm ore, since there w ere only two sections o f  a single course used for the 

experim ent, there was a selection threat to internal validity (Cam pbell & Stanley. 

1963).

A second lim itation was the necessary assum ption that students honestly 

and diligently  com pleted the questionnaires. Based on observations, students did 

not necessarily place a high priority on carefully and thoughtfully com pleting the 

questionnaires. Those who forgot to com plete them  before class w ould quickly 

com plete them  in the time betw een their arrival and the start o f  class.
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A nother lim itation was the type o f  instrum ents used to m easure self­

directed learning readiness, skills, and m otivation. Each instrum ent is a self- 

report o f  the perceptions o f  the individual. These instrum ents do not m easure 

actual self-directed learning skills, perform ance/behaviors, or motivation.

Students m ay perceive they possess a h igher capability than they actually 

dem onstrate. Furtherm ore, students can easily discern which response on the 

Likert type scale is considered "better" even though instructions ask for their 

honest perceptions, not what they think are correct or better answers.

The adaptation o f  the M SLQ-B to m easure self-directed learning skills may 

also be a lim itation since it may not m easure all the skills necessary for self­

directed learning. W hile it provides a m easure o f  learning skills that are 

necessary for self-directed learning, there m ay be other critical self-directed 

learning skills that are not represented.

Recom m endations for Future Research

This research com pared a problem -based learning teaching m ethod w ith a 

traditional lecture-based m ethod to determ ine the effect on students' self­

directed learning and grades. Several future research avenues for both problem - 

based learning and self-directed learning are apparent from this study.

It appeared that many students in  the experim ental group did not 

adequately participate in the problem -based learning activities. Further research
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should assess the actual level and quality o f  problem -based learning experienced 

by students. M easuring students' ability to practice problem -based learning 

w ould be a positive addition to our understanding o f  the experience. M ost o f  the 

existing literature in this area focuses on assessing learning outcom es (e.g. 

subject m atter know ledge and developm ent o f  problem -solving skills) o f  students 

taught with problem -based learning (Dathe. O 'B rien, Loacker, & M atlock, 1997; 

N orm an, 1997; Segers, 1997; Swanson, Case, & van der V leuten, 1997).

M easures o f  the quality and level o f  students' practice o f  problem -based learning 

m ight be correlated w ith learning outcom es.

The need for students to acclim ate to a different teaching m ethod such as 

problem -based learning further suggests additional research. A longer duration 

for problem -based learning and corresponding research m ight provide more 

useful data. Students accustom ed to passive learning are not im m ediately 

com fortable or com petent w ith active, collaborative activities.

A nother need for future research is to distinguish  self-directed learning 

potential from the actual practices o f  self-directed learning. Three o f  the four 

m easurem ents o f  self-directed learning used in this study were m easures o f  

students' potential for self-directed learning, not their actual practice. These three 

m easures, self-directed learning readiness, self-directed learning skills, and 

students' course m otivation, were students' ow n perceptions o f  them selves rather 

than actual behavior.
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The addition o f  qualitative m easures, including interviews o f  participants, 

m ight reveal m otivational com ponents related to students' practice o f  both 

problem -based learning and self-directed learning. A qualitative research effort 

might be useful in better understanding details o f  the perform ance com ponent o f 

self-directed learning.

Finally, the attem pt to m easure self-directed learning perform ance with 

tim e spent on self-directed learning tasks w as a good beginning but needs 

im provement. Future research should address w ays to better m easure specific 

aspects o f  self-directed learning perform ance.

Conclusions

Students' perceptions o f  their self-directed learning readiness, self-directed 

learning skills, and course m otivation w ere not significantly different after 

experiencing problem -based learning. Problem -based learning m ay not affect 

students' perceptions o f  these self-directed learning com ponents. Possible 

reasons for observing no differences include: a) the extrem ely sm all sam ple 

sizes, resulting from  high attrition in the course, provided no statistical power, b) 

the problem -based learning teaching m ethod, w hile properly conducted, was 

ineffective due to lack o f  sufficient student participation, and c) the m easures o f  

students' perceptions for self-directed learning readiness, skills, and course 

m otivation may not have been indicative o f  their actual practices.
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The effect o f  teaching m ethod on self-directed learning perform ance was 

significant w ith the problem -based learning teaching m ethod students having 

greater self-directed perform ance. H owever, questions concerning the accuracy 

and com pleteness o f  the reported data and the small sam ple size prevent relying 

too heavily on this conclusion.

W hile the statistical results indicated significant effect o f  teaching method, 

time, and m ethod x tim e interaction on grades, other factors contributed to the 

grade differences. Increased difficulty in program m ing assignm ents over time 

coupled with m ore stringent grading schem es is another possibility. The lower 

grades o f  the problem -based group m ay be a result o f  less experience with 

com puter program m ing, a heavier course load, and less available tim e because o f  

m ore work hours per week.

More research is needed to m easure the quality and level o f  the problem - 

based learning teaching method received by students. M easurem ent m ethods o f  

self-directed learning perform ance and behaviors also need to be investigated.
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A P P E N D I X
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A. IN STR U C TO R ’S GUIDE: PBL EXERCISE 1

Synopsis -  Programming Assignment #6 (share with students)
Students are Software Engineers w orking for the Inform ation Technology 

departm ent o f  a large hospital. They are tasked w ith m any different com puter 
related projects including w riting softw are program s that support the hospital's 
business.

Model Definition of the Problem
T he problem  is sum m arized as creating a softw are program  that meets the 

requirem ents specified in the scenario.

Subject Matter Objectives
Upon com pletion o f  this problem -based learning assignm ents, students will be 
able to:

•  U nderstand and use conditional statem ents in program  flow
• Form at output
•  R ead from and write to files
• U nderstand the im portance o f  the sequence o f  execution
•  System atically design a program  solution
• Suggest, evaluate, and choose from alternative designs
• U nderstand and apply a system atic approach to problem -solving
•  U nderstand and apply basic softw are engineering principles o f 

requirem ents definition, program  design, im plem entation, and testing

The Scenario (share with students)
I t 's  M onday morning and y ou 've  got your coffee and are ju s t sitting down 

at your desk  to check your voice mail. Y ou 're  thinking it 's  going to be a pleasant 
week since y ou 're  nearly caught up with all your projects and the boss is on 
vacation for the next two weeks. W orking for the IT departm ent for County 
G eneral Hospital can be really hectic but som etim es you get a break. You might 
even get to read a little m ore in that JAV A  text y ou 've  been studying!

Y ou dial into your voice m ail and suddenly that free time you were 
dream ing about turns into ju st that -  a dream . The boss has a new assignm ent 
that m ust be com pleted before she gets back from her vacation.

« S e e  V oice Mail M o n o lo g »
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W ell, there w ent your idea that your boss' vacation w ould be two extra 
weeks for your vacation too! Oh well, at least y o u 'll get to leam  some o f  that 
JAV A you wanted!

The following m onolog w ill be available as an audio 
recording w ith the w ritten text version available on request.

Voice Mail Monolog
I hate to drop this project on you and leave on vacation but we got a call from 

the Accounting D epartm ent late Friday. It seems that the docs don 't want to do 
the simple m ath required for m ileage reim bursem ent on their expense accounts. 
Every tim e they travel on hospital business, their m ileage is reim bursed on a 
sliding scale and they d o n 't com pute it correctly. W hile it 's  not a lot o f  money, 
som etim es the Federal G overnm ent reim burses the hospital and their bean 
counters a ren 't am used by our docs' m ath skills. In fact, they 're  threatening to 
cut o ff several grants w e have that are worth m ore than $5 m illion bucks. So you 
see why our suits upstairs are concerned.

W hat we have to do is w rite a sim ple little program  that calculates the 
reim bursem ents correctly. I left a copy o f  the reim bursem ent scale in your 
m ailbox. A lso, our accountants have som e pretty specific requirem ents about 
form atting the output. I d o n 't know why -  m aybe it 's  governm ent regs. You 
know  w e 're  usually at their m ercy when they plead governm ent regs so it 's  got to 
be ju st the way they want it or it 's  not right. I left a sam ple output with some 
notes I m ade w hen they gave this project to me. I d o n 't really know how  this was 
generated but they said it should do if  w e fix it up and get it correct. So. your 
output needs to m eet those requirem ents. Y ou 'll see that m any o f  the 
reim bursem ent am ounts are not correct.

Oh! D id I m ention the input data for your program  needs to be read from a 
file and that the output table needs to be written out to different file? This m eans 
you 'll have one input and one output file -  only one o f  each. They told me that 
the input file has the num ber o f  values to process on  the first line o f  the file -  I 'm  
sure we can count on it being an integer. A fter the first line in the input data file, 
each line is a single m ileage value. Since they are required to report m ileage to 
the nearest tenth, these values m ust be reals. They cou ldn 't give me an input file: 
so use the m iles on that output sample I left you to create one. You can use it to
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test the program  once you 've  finished it. I think there w ere 10 m ileage values on 
that output so the first line o f  the file w ill be a ten.

I know  y o u 'v e  been reading up on JA V A  so w hy d o n 't you do this program 
in it. It'll g ive you a chance to discover som e m ore o f  its features. I also made a 
few notes about program  structure and such that m ight help -  th ey 're  with the 
o ther stu ff in your m ailbox.

Sorry I w o n 't be here to help and unfortunately the cruise ship only allows 
em ergency phone call so y ou 're  on your own. You should collaborate with a few- 
other people in the departm ent to see w hat you 're  going to need to know to solve 
the problem . Y ou can also help each o ther to figure out w hat resources you might 
need to use.

Oh! D o n 't forget to docum ent your program  appropriately! Follow  the 
guidelines w e 'v e  been developing for our programs.

Last thing! Be sure you track your tim e and activities on the PSP Tracking 
forms. You know  this data w ill help us better estim ate our future projects and 
keep us funded -  besides the fact that it 's  required!

See you in 2 weeks! I 'll expect printed copies o f  your input datafile, source 
code, and correctly  form atted output file. By the way d o n 't forget to test it!

Have fun! Bye!
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Materials to Accompany Problem-Based Learning Scenario -  
Programming Assignment #6

The follow ing items are to accom pany the scenario.
1. Reim bursem ent Scale
2. O utput Sample
3. Program m ing Notes

Reimbursement scale

R eim bursem ent scale:
round trip  m ileage Rate

Up to 500 miles 15 cents per mile
500 to 1000 miles $ 75.00 plus 12 cents for each mile over 500

1000 to 1500 miles S I35.00 plus 10 cents for each mile over
1000

1500 to 2000 miles S I85.00 plus 8 cents for each mile over 1500
2000 to 3000 miles S225.00 plus 6 cents for each mile over 2000

over 3000 miles S2S5.00 plus 5 cents for each mile over 3000
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Output Sample

MILEAGE REIMBURSMENT \
Correct 'MisspellingsMILES REIMBURSEMENT AMOUNT

40,
799

- 8
499

5000
:999. 4

1500
1239

6.03
119.94
• k  k  k

749.25
385.00
334.94

150.10 
154.12

—  Three stars when 
miles less than or 
equal 0

i\'ote!
•The values in the
■ICEm(BV‘-RScZiM<El\ TjTMO'VlM' 
Column o f  this sample are not a l l  
correct
<go figure  — I guess they aren t 

mathematicians!)
■You'll need to get them right!!!! 

Cine up columns on decim alpoints —
1 decimal place - accuracy f o r  miles,
2 decimals f o r  amounts

'They also u a n t to a d d  totals f o r  reimbursement values, number o f  mileage values 
processed, a n d  the number o f  mileage values that are >= 0.

Be sure you include messages w ith  these! jAd'd them after processing and at bottom  
o f  table!
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Programming Notes

The following notes should not be given directly to students. When students ask for the 
programming notes referenced in the scenario, they should be informed that their boss 
is forgetful and may not have delivered them as promised -  a very real and common 
occurrence in the real world. The instructor should guide the students toward asking 
appropriate questions in their problem solving process so as to discover these 
guidelines. It is appropriate that the instructor, as a subject matter resource, conveys this 
information as student inquiry dictates.

•  U se a loop to process your input data on the fly -  No need to store any 
data so do NOT use an array

•  M ost likely “ if/else i f '  structure will be your best choice for calculating 
m ileage reim bursem ents > 0

•  Besides a main m ethod (that should contain all the variables) you should 
use at least a separate m ethod to print the heading for the table and 
another method to output sum m ary inform ation

To use the following classes, include i m p o r t  j a v a . t e x t . *
N um berForm at class (for form atting output)

For currency -  to output total
NumberFormat money =

NumberFormat.getCurrencylnstance();
System.out.println(money.format(total;);

O r

D ecim alForm at class (also for form atting output)
For one decim al place, rounded -  to output total

DecimalFormat frrtt = new DecimalFormat("0 . 0#");
System.out.println(fmt.format(total)';
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Problem Logs
The problem  logs are given to students to guide their problem -based learning 

activities. Each log constitutes a set o f  activities corresponding to a step in the 
problem -based learning process. These logs also serve to aid the instructor's 
tutoring and facilitation o f  the process. These logs provide significant scaffolding 
to guide both the students and instructor. Less scaffolding will be offered as 
students becom e m ore fam iliar w ith the problem -based learning activities and as 
the instructor's tutoring and facilitating skills develop.

Students will be asked to keep an Engineering Notebook, a com m on practice 
for m any Software Engineers in industry. A notebook will be provided to 
students to encourage its use and to provide an orderly means o f  tracking and 
recording the problem -based learning exercises for these problem  logs. Upon 
com pletion o f  the assignm ent, each student's notebook will be collected as data 
for research.

Collaborative Groups
The problem  logs describe num erous in-class, collaborative group exercises. 

C ollaborative groups o f  3-5 students should be created for the duration o f  the 
assignm ent. Note that the collaborative activities center on typical tasks 
associated with m ost softw are developm ent tasks that are done collaborativelv in 
the real w orld and those reflective activities associated with assessing learning. 
However, the final program  design and im plem entation is an individual 
assignm ent.

G roups m ay be form ed random ly o r assigned by the instructor. However, 
heterogeneous groups can expose students to new  ideas and distribute assets and 
liabilities evenly.

Floating Facilitation
D uring the collaborative group activities, the instructor follows a floating 

facilitator model for tutoring and facilitating the group work.

Whole Class Tutoring
The Problem  Logs that follow  include both in-class and outside o f  class 

activities. The outside activities do not require w orking in collaborative groups 
w hile m any o f  the in-class activities are reserved for collaborative group work. In 
addition to the in-class collaborative activities, designated w hole class sessions 
are devoted to groups sharing their ideas and findings. These sessions are 
designed to provide opportunities for the instructor to facilitate and guide the
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overall process o f  problem -based learning. These sessions should require 10-15 
m inutes.

Problem Log 1 -  What Is This Problem About?
(In-class -  Collaborative Group Exercises)_____________________________

All o f  the tasks for this Problem  Log should be done in class with 
collaborative groups o f  4 to 6 students.

1. Requirements
From what you know  so far; list the requirem ents that you will need to 

m eet to solve this problem . It m ay be helpful to list them on index cards, one 
requirem ent per card. C om plete this task with your group by brainstorm ing 
for possible requirem ents. Refine your requirem ents to include only those 
necessary to solve the problem . You m ust com plete this task before 
beginning the next one. R e c o rd  y o u r  req u irem en ts  in y o u r  E n g in eerin g  
N otebook .

2. Beginning Your Investigation of the Problem
Before you can im plem ent a solution to this problem, you will need to 

understand, as fully as possible at this time, the issues and questions posed by 
each requirem ent. C arefully think and brainstorm  with your group to 
com plete the following task;

For each requirem ent, list questions you m ay have, things you do not 
understand, and any issues related to that requirem ent. You m ay also discover 
som e requirem ents may cause a need to create other "derived" requirem ents. 
Add these derived requirem ents to your set and analyze each to determ ine 
questions and issues. R e c o rd  in y o u r  E n g in eerin g  N otebook.

3. Thinking About Your Thinking (Metacognition)
Because a substantial am ount o f  your em ployers' m oney m ay be lost if  

you do not create a program  that m eets your clients' needs, you also have a 
significant stake in correctly solving this problem . The consequences to you 
personally are also likely to be significant. W hat skills and attitudes do you 
need to bring to this task? R e c o rd  in y o u r  E n g in eerin g  N otebook .

O ften expert problem  solvers and com petent Software Engineers are 
asked to do a task that they have never done before or use skills or know ledge 
they do not currently posses. How do you approach such a situation? R e c o rd  
in y o u r  E n g in eerin g  N o teb o o k .
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4. Whole-Class Facilitation
A list o f  possible requirem ents should be boarded by soliciting 

requirem ents from each group.
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Problem Log 2 -  Thinking About Possible Solutions
(In-class -  C ollaborative Group Exercises)___________________

C ollaborate w ith your group for the following:
1. Possible solutions

It is not necessary at this tim e that you know  how you will im plem ent 
every detail for you to create designs that w ill solve the problem . W hat the 
program  will need to do com es first— how  it w ill do it follows. Vague ideas 
o f  how  are sufficient at this time.

Without writing any code, think about what will be needed in your 
program  that w ill solve this problem . W'hat elem ents are necessary? W hat 
general design m ight solve this problem ? R e c o rd  in y o u r  E n g in eerin g  
N o teb o o k .

W hat alternatives are there? W hat would be the advantages and 
disadvantages o f  each? Create a sim ple list w ith the pros and cons. R e c o rd  in 
y o u r  E n g in ee r in g  N otebook.

Does each solution meet all the requirem ents? R e c o rd  in y o u r  
E n g in ee r in g  N o teb o o k .

2. Create a list of questions, issues, and unknowns about your possible 
designs

R e c o r d  in y o u r  E n g in eerin g  N o teb o o k .
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Problem Log 3 -  Defining What You Know and What You Need To 
Know
(In-class (1, 2, & 3)-Outside-class (4) -  Collaborative Group Exercises (1,2, 
& 3)) _________  __________________________________________

After com pleting Problem  Log 1, you should have a set o f requirem ents 
annotated w ith questions, com m ents, and issues. Problem  Log 2 should have 
given you som e ideas about a solution design. Use these to com plete the 
following activities w ith your collaborative group in class.

1. Defining Learning Needs (Group Activity)
Y our next task is to review  the requirem ents and make a list o f  w hat you 

already know  that applies to this problem  and a second list o f  w hat you think 
you will need to leam . Next, use your possible designs to add m ore items o f  
what you will need to leam  to each list you ju s t created. After creating these 
two lists for your group, make copies for each individual. Later outside o f  
class, you (individually) should repeat this exercise to better understand your 
specific learning needs. R eco rd  in y o u r  E n g in eerin g  N otebook .

2. Defining Possible Resources (Group Activity)
For the learning needs you defined above, what sources o f  inform ation 

should you use to acquire the know ledge and skills? It may be helpful to 
review your list o f  needs to determ ine appropriate resources. R e c o rd  in y o u r  
E n g in eerin g  N o tebook .

3. Thinking About Your Thinking (Metacognition)
How difficult was it to determ ine w hat you did not know? W ere there 

things you thought you understood or knew  that, upon reflection, either 
individually or w ith your group, you realized you needed to leam ? R e c o r d  in 
y o u r  E n g in eerin g  N o teb o o k .

W hich item s in your list o f  things to leam  are likely to require your 
instructor as a resource?

Can your peers be a resource?
How well are you able to follow this process? W hy?

4. Repeat Steps 1, 2, and 3 (Individually — Outside of Class)
Personalize the list o f  learning needs and the list o f  things know n for your 

self. R e c o r d  in y o u r  E n g in eerin g  N o teb o o k .
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Problem Log 4 -  Using Your Resources
(O utside-class -  Individual Exercises)__________

1. Use your list of resources to satisfy your learning needs
Use the appropriate resources to develop the understanding, knowledge, 

and skills you have defined for yourself for each need.

2. Summarizing What You Learned
In your notes, briefly sum m arize what you learned for each need. R eco rd  

in y o u r  E n g in eerin g  N o teb o o k .

3. Thinking About Your Thinking (Metacognition)
W hat worked well in this process? W hat did not? W hy? W hat should you 

do differently next tim e? R e c o rd  in y o u r  E n g in eerin g  N o tebook .
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Problem Log 5 -  Reviewing What You Learned
(In-class -  C ollaborative Group Exercises)_____________

W ith your group, use your lists o f  learning needs to share w hat you have 
learned with other m em bers o f  your group. Relate w hat you learned to what you 
needed to leam.

1. Reviewing Learning
Briefly, answ er the following questions as they apply to your experience.

WTiat interesting or valuable inform ation did others leam  that is valuable 
to solving the problem ?

How does your new  know ledge change your v iew  o f the problem ?

W hat, if  anything learned by others, causes you to revise w hat you have 
learned?

2. Reviewing How You Learned
Briefly, answ er the following questions as they apply to your experience.

W hat resources for learning did others use that is valuable to solving the 
problem ?

W hat strategies for learning did others use that is valuable to solving the 
problem ?

W hat resources and strategies, if  any. w ere o f  little value tow ard solving 
the problem ?
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Problem Log 6 -  Designing a Solution
(O utside-class -  Individual Exercises)________

It 's  tim e to define an appropriate solution to the problem .

1. Selecting a Solution
Before w riting code, think about the possible solutions previously 

discussed in class and w ith  your group. W hat are the advantages and 
disadvantages previously discussed? Are you able to decide on a design that 
meets requirem ents and can be im plem ented w ith w hat you have learned?

2. Program Design
A fter deciding upon a design, docum ent it in your Engineering Notebook.
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Problem Log 7 -  Completing the Program
(O utside-class -  Individual Exercise)

1. Code
Using your design, code your solution!

2. Thinking About Your Thinking (Metacognition)
Did your new ly acquired know ledge and skills m ake your program m ing 

task easier? W as it more efficient? Did you find you needed to leam  m ore 
during the coding phase?
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Problem Log 8 -  Testing the Solution
(O utside-class -  Individual Exercise)_______________________________________

1. Test Design
Softw are engineers m ust test each individual part o f  the code they write 

during Unit Testing. W hile this is often less-well form alized, the com pleted 
program  should be m ore form ally tested. Using your list o f  requirem ents, 
design a set o f  test cases that w ill test each requirem ent to be sure it is 
satisfied (validation). These tests should also evaluate w hether the program 
does things correctly and defect free (verification). R e c o rd  y o u r  te s t ca ses  in 
y o u r  E n g in eerin g  N o teb o o k .

2. Test Execution
Run your test cases w ith your program . R eco rd  y o u r  re su lts  in y o u r  

E n g in eerin g  N o tebook .
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Problem Log 9 -  Final Review
(In-class -  C ollaborative G roup Exercises)

1. Summarizing What You Learned
W ork w ith your group to sum m arize the m ost im portant things you 

learned during this assignm ent.
W hat program m ing principles did you leam ? W hat did you leam  about 

your ability  to program? W hat did you leam  about your ability to approach a 
real-w orld problem ?

Brainstorm  to create a list and rec o rd  in y o u r  E n g in eerin g  N o tebook .

2. Thinking About Your Thinking (Metacognition)
Review  w ith your group the processes and activities you experienced for 

this assignm ent. Create an outline or model about the process that m ight be 
useful for future learning. R e c o r d  in y o u r  E n g in eerin g  N otebook .
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B. NON-PBL EXERCISE I
The Mathematical Association o f  America hosts an annual summer meeting. Each state sends one 
official delegate to the section officers' meeting at this summer session. The national organization 
reimburses the official state delegates according to the sca le at the bottom o f  the page. Write a 
Java program that will calculate the reimbursement values for the data at the bottom o f  the page. 
Your program must satisfy the following:

1. It reads data from a file and writes data to a file -  there should be only one output 
file and only one input file.

2. The first line o f  the data file w ill contain the number (an integer) o f  data values to 
process. After the first line o f  the data file, each line will contain a real number 
representing the number o f  m iles. Use a for loop to process the m ileage values. Do 
NOT use an array .

3. U se an " if eise  i f  statement and the scale below  to calculate the m ileage 
reimbursement if  the input value is > 0.

4. The main method should contain all the variables -  do not use a separate class for 
storage. U se at least the following methods:

a. M ethod to print heading for the table
b. M ethod to output summary information

5. There should be one line o f  output for each m ileage value processed -  use a table 
form for the output. The table should be lined up by the decimal point. Each detail 
line o f  the table will contain the number o f  m iles (real -  print with 1 decimal place) 
and the reimbursement amount (real -  print with 2 decimal places). If the input 
value is <= 0. then output 3 stars in place o f  the reimbursement amount.

6. After all the data values have been processed, print the total o f  the reimbursement 
values, the number o f  m ileage values processed, and the number o f  m ileage values 
that were >= 0. include m essages.

You will need to create a data file containing the follow ing data -  the file should contain one 
number per line.

10 40.2 790.6 -8.6 499.5 5000.2 5000  2999.4 0 1500.1 1239.8

Reimbursement scale:
Round trip m ileage rate

up to 500 miles 15 cents per m ile
500 to 1000 miles S 75.00 plus 12 cents for each m ile over 500

1000 to 1500 m iles SI 35.00 plus 10 cents for each mile over 1000
1500 to 2000 m iles S 185.00 plus 8 cents for each m ile over 1500
2000 to 3000 m iles S225.00 plus 6 cents for each m ile over 2000

over 3000 m iles S285.00 plus 5 cents for each m ile over 3000
Be sure to appropriately document this program -  use guidelines handed out. 
Hand in printed copies o f  your data file, the source code, and the output.

To use the classes below, include import java.text.*
Formatting Output -  the NumberFormat class can be used 

for currency -  to output total
NumberFormat money = NumberFormat.getCurrencyInstance!):
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System, out. printlnf m oney, format! total)): 
or DecimalFormat class can be used

for one decimal place, rounded -  to output total
DecimalFormat fmt = new DecimalFormat(“0 .0# ’"): 
System.out.println( fmt.formau total)):
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C. INSTRUCTOR’S GUIDE: PBL EXERCISE 2

Synopsis -  Programming Assignm ent#? (share with students)
Students are Softw are Engineers working for the Com puter Infrastructure 

Support Group w ithin the Inform ation Technologies Departm ent o f  a large State 
University. This group is responsible for custom  software developm ent 
assignm ents requested by the adm inistration o f  the university.

Model Definition of the Problem
The problem  is sum m arized as creating a software program  that meets the 

requirem ents specified in the scenario.

Subject Matter Objectives
Upon com pletion o f  this problem -based learning assignm ents, students will be 
able to:

• U nderstand and use conditional statements in program  flow
• Read and w rite String data from and to a file
• Form at output
• Read from  and write to files
• Process files o f  unknow n length
• U nderstand the im portance o f  the sequence o f  execution
• System atically design a program  solution
• Suggest, evaluate, and choose from alternative designs
•  U nderstand and apply a system atic approach to problem -solving
•  U nderstand and apply basic softw are engineering principles o f  

requirem ents definition, program  design, im plem entation, and testing

The Scenario (share with students)
You are a Softw are Engineer working for the C om puter Infrastructure 

Support G roup (CISG ) w ithin the Inform ation Technologies D epartm ent o f  a 
large State U niversity. Y our group is responsible for custom  software 
developm ent assignm ents requested by  the adm inistration o f  the university.

In yesterday 's  em ail there was an invitation to a Friday afternoon party to 
celebrate the successful delivery o f  your last project (A D M ISS— EVAL). Just 
last week your group com pleted the new  adm issions evaluation softw are that 
creates a com posite score for each new  student applicant. The Dean o f  
A dmissions is so pleased w ith the system  your departm ent delivered she wants to 
celebrate. This is unusual!

That w as a tough project. There were so many factors to evaluate to 
determ ine if  a potential student should be admitted. The factors were weighted

118

R e p ro d u c e d  with perm iss ion  of  th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

differently and had  m any exceptions and special considerations. However, by 
closely w orking w ith Bob in the adm issions office, you were able to create a 
useful (and successful) algorithm . Each student has an adm ission score computed 
from all the available factors for that student. These input factors included things 
like SAT scores, A CT scores, high school G PA. previous college GPA, entrance 
essay scores, interview  ratings, and the university’s weighting factors that are 
assigned for each com ponent. The algorithm  also incorporates other student 
factors such as in-state resident and non-resident since there is a m andate to mix 
and balance the student population for each sem ester. A dm issions can then use 
the com puted score to accept or reject an applicant.

U nfortunately, the celebration is clouded by the next em ail in your inbox. 
It's  from Bob, the adm issions technical project client manager. It seem s that 
during the intense w ork that your team and the adm issions office personnel did to 
develop the algorithm , one m inor requirem ent was overlooked. An output file is 
needed that can be forwarded to the State H igher Education Com m ission for 
som e later statistical analysis. You print out the em ail since it has a fairly 
com plete set o f  requirem ents that w ill satisfy the State H igher Education 
Com m ission. (See Attached email).

Since this task is not too large and the project was such a success, you 
don’t want to risk the project by incorporating this new task into system . You 
decide that a sm all stand-alone program  that will use an interm ediate output file 
from the system  is the best approach. Besides, this will likely change next 
sem ester because the politicians are alw ays m eddling in the H igher Education 
C om m ission 's business and they have kept you in new projects since you cam e 
to work here!
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Materials to Accompany Problem-Based Learning Scenario -  
Programming Assignment #6

The follow ing items are to accom pany the scenario.
1. First Email -  Invitation
2. Second Email -  URGENT Task
3. F ile data for input to new program

First Email

From: Sue Sm ith <sm ithsta state.edu>
To: CISG , A DM ISS-Eval Team  
Subject: Thanks! Congratulations!

C ongratulations on successfully com pleting the ADM ISS-EVAL project! As 
Dean o f  A dm issions, I 'd  like to thank you for your efforts and accom plishm ents. 
To show  our appreciation, you are invited to a pizza party next Friday. Please let 
m e know  if  you will be able to attend.

Thanks again!

Sue Sm ith
Dean o f  A dm issions

Second Email

From: Bob Johnson <johnsonw(a state.edu>
To: CISG . ADM ISS-Eval Team  
Subject: U RG EN T -  One M ore Task

I hate to be the bearer o f  bad news bu t w e have another task to add that is 
high priority  and critical. W e forgot one o ther output that we m ust have from the 
A D M ISS-EV A L system. We need an output file that can be sent to the State 
H igher Education Com m ission that contains som e specific data they want 
concerning our adm issions decisions on each student.

I 'v e  tried to outline some o f  the specific requirem ents but if  anything is 
m issing be sure to ask.

1. They need a printed report (w ritten to a file) that consists o f  a table w ith 
appropriate headings.
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2. The colum ns o f  the report m ust contain the nam e o f  the student, value
(com posite score for each new  student applicant), and then a m essage.

3. The m essage is SC H O LA R SH IP if  the value is 90 or m ore: A dm it if the
value is between 70 and 89 inclusive; REJECT otherwise.

After all the data lines in the file have been processed (I 'm  assum ing you w ill 
get an input data file from  our new  system 's output file), print with messages the 
num ber o f  data lines processed, and the num ber and real average o f  the values 
betw een 70 and 89 inclusive (use I decim al place).

I d o n 't really know w hat the S tate H igher Education C om m ission wants this 
for but you know  how political it can be. W e'll ju st have to give them  what they 
w ant until they change their m inds again!

BTW . Be sure you track your tim e and activities on that PSP Tracking form I 
saw  you using. I think w e can get reim bursed for your tim e from the State H igher 
Education Com m ission.

W hen you get done w ith the program  and testing it. send me a printed copy 
o f  the source code, the data file, and the output so I can look at it before we send 
it on.

Thanks.
Bob
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Output File to Use for Input to Your New Program

Notes: the adm ission score in the first colum n is an integer and the nam e is a 
string; the file size m ay be o f  any length (variable num ber o f  records).

4 0 Light Karen L
81 Kagan Bert Todd
cO Antrim Korrest !■
95 Camden Warren
52 Mu lie lea Ai B
8? Lee Phoebe
7 p Brignt Harry
-2 Garris Ted
42 Benson Martyne
GG Lloyd Jeanine D
7 2 Leslie Bennie A
2 0 Brandt Leslie
89 Schulman David
90 Worthington Dan
2 0 Hail Gus W
20 Prigeon Dale ?
0 2 Fitraibbons Pus;
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Programming Notes

The following notes should not be given directly to students. The instructor should guide 
the students toward asking appropriate questions in their problem solving process so as 
to discover these guidelines. It is appropriate that the instructor, as a subject matter 
resource, conveys this information as student inquiry dictates.

•  Use a loop to process your input data on the fly  -  N o  need to store any
data so do N O T  use an array

•  M ost like ly  “ ifrelse i f '  structure w ill be your best choice for processing
•  Methods should be used for the heading o f  the table and for the summary 

o f  the table

A sample of source code for processing a line from the input file follows:

// reads one line of user input, wr.ere the input has the fort-.
/ /  i n t e g e r  n a m e
// name may consist of any number of parts
// output is a message to the screen with the integer and the name

import ;ava.1 0 .•; 
import 'ava.utr 1.*;

class inrName

public static void m a m  i String [! args ■■ throws ICExceptior. 
i Systern.out.print In 1"This is a new example." ; 
m t  num.;
■String name ;
Euf f eredP.eader br = new Buffered Peader f new 
Ir.putStreamPeader System, m  ;
Strmc: str - br.readLme ;
S t r m g T o i c e n i o e r  s r  = n e w  S t r i n g T o x e r . i c e r  . s t r  1 ; 
num. = I n t e g e r . p a r s e l . n t  ‘ s r  . n e x t T o k e n  ' • ■ ;  

n a m e  = s t . n e x t T o k e n  i i ; 
w h i l e  i s  t . h a s M c  r e T c  k e n s < • '

< name = name - ' ' » st.nextTokem > ; }

System.out .printin '."number is " - nun; ;
System, out. pr m t  In name is " * name ■ ;

v
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Problem Logs
The problem  logs are given to students to guide their problem -based learning 

activities. Each log constitutes a set o f  activities corresponding to a step in the 
problem -based learning process. These logs also serve to aid the instructor's 
tutoring and facilitation o f  the process. These logs provide significant scaffolding 
to guide both the students and instructor. Less scaffolding will be offered as 
students becom e more fam iliar w ith the problem -based learning activities and as 
the instructor's  tutoring and facilitating skills develop.

Students w ill be asked to keep an Engineering Notebook, a com m on practice 
for m any Softw are Engineers in industry. A notebook will be provided to 
students to encourage its use and to provide an orderly means o f  tracking and 
recording the problem -based learning exercises for these problem  logs. Upon 
com pletion o f  the assignm ent, each studen t's  notebook will be collected as data 
for research.

Collaborative Groups
The problem  logs describe num erous in-class, collaborative group exercises. 

C ollaborative groups o f  3-5 students should be created for the duration o f  the 
assignm ent. N ote that the collaborative activities center on typical tasks 
associated w ith m ost software developm ent tasks that are done collaboratively in 
the real w orld and those reflective activities associated with assessing learning. 
H owever, the final program  design and im plem entation is an individual 
assignm ent.

G roups m ay be formed random ly or assigned by the instructor. However, 
heterogeneous groups can expose students to new ideas and distribute assets and 
liabilities evenly.

Floating Facilitation
D uring the collaborative group activities, the instructor follows a floating 

facilitator m odel for tutoring and facilitating the group work.

Whole Class Tutoring
The Problem  Logs that follow  include both in-class and outside o f  class 

activities. The outside activities do not require w orking in collaborative groups 
while m any o f  the in-class activities are reserved for collaborative group work. In 
addition to the in-class collaborative activities, designated w hole class sessions 
are devoted to groups sharing their ideas and findings. These sessions are 
designed to provide opportunities for the instructor to facilitate and guide the

124

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

overall process o f  problem -based learning. These sessions should require 10- 
minutes.
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Problem Log 1 -  What Is This Problem About?
(In-class — C ollaborative G roup Exercises)_____________

All o f  the tasks for this Problem  Log should be done in class w ith
collaborative groups o f  4 to 6 students.

1. Requirements
From  w hat you know so far: list the requirem ents that you will need to 

m eet to solve this problem . It m ay be helpful to list them on index cards, one 
requirem ent per card. Com plete this task w ith your group by brainstorm ing 
for possible requirem ents. Refine your requirem ents to include only those 
necessary to solve the problem . You m ust com plete this task before 
beginning the next one. R e c o rd  y o u r  req u irem en ts  in y o u r  E n g in eerin g  
N o teb o o k .

2. Beginning Your Investigation of the Problem
Before you can im plem ent a solution to this problem, you will need to 

understand, as fully as possible at this time, the issues and questions posed by 
each requirem ent. Carefully think and brainstorm  with your group to 
com plete the following task:

For each requirem ent, list questions you m ay have, things you do not 
understand, and any issues related to that requirem ent. Y ou m ay also discover 
som e requirem ents m ay cause a need to create other "derived" requirem ents. 
A dd these derived requirem ents to your set and analyze each to determ ine 
questions and issues. R e c o rd  in y o u r  E n g in eerin g  N o tebook .

3. Thinking About Your Thinking (Metacognition)
B ecause a substantial am ount o f  your em ployers' m oney m ay be lost if 

you do not create a program  that m eets your clients' needs, you also have a 
significant stake in correctly solving this problem . The consequences to you 
personally  are also likely to be significant. W hat skills and attitudes do you 
need to bring to this task? R eco rd  in y o u r  E n g in eerin g  N o teb o o k .

O ften expert problem  solvers and com petent Software Engineers are 
asked to do a task that they have never done before or use skills or know ledge 
they do not currently posses. How do you approach such a situation? R eco rd  
in y o u r  E n g in eerin g  N otebook .
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4. Whole-Class Facilitation
A list o f  possible requirem ents should be boarded by solicitin 

requirem ents from each group.
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Problem Log 2 -  Thinking About Possible Solutions
(In-class -  C ollaborative G roup Exercises)___________________

Collaborate w ith your group for the following:
1. Possible solutions

It is not necessary at this time that you know  how you will im plem ent 
every detail for you to create  designs that w ill solve the problem. W hat the 
program  will need to do com es first— how it w ill do it follows. Vague ideas 
o f  how are sufficient at this time.

Without writing any code, think about w hat will be needed in your 
program  that will solve this problem . W hat elem ents are necessary? W hat 
general design might solve this problem ? R e c o rd  in y o u r  E n g in eerin g  
N otebook .

W hat alternatives are there? W hat w ould be the advantages and 
disadvantages o f each? C reate a sim ple list w ith the pros and cons. R e c o rd  in 
y o u r  E n g in eerin g  N o teb o o k .

Does each solution m eet all the requirem ents? R e c o rd  in y o u r  
E n g in eerin g  N o tebook .

2. Create a list of questions, issues, and unknowns about your possible 
designs

R eco rd  in y o u r  E n g in eerin g  N o tebook .
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Problem Log 3 -  Defining What You Know and What You Need To 
Know
(In-class (I, 2, & 3)-Outside-class (4) -  Collaborative Group Exercises (1,2, 
& 3))__________________________________________________________________

A fter com pleting Problem  Log 1. you should have a set o f  requirem ents 
annotated w ith questions, com m ents, and issues. Problem  Log 2 should have 
given you som e ideas about a solution design. Use these to com plete the 
following activities w ith your collaborative group in class.

1. Defining Learning Needs (Group Activity)
Y our next task is to review  the requirem ents and make a list o f  w hat you 

already know that applies to this problem and a second list o f  w hat you think 
you will need to leam . N ext, use your possible designs to add m ore items o f  
w hat you will need to leam  to each list you just created. A fter creating these 
two lists for your group, m ake copies for each individual. Later outside o f  
class, you (individually) should repeat this exercise to better understand your 
specific learning needs. Record in vow  Engineering Notebook.

2. Defining Possible Resources (Group Activity)
For the learning needs you defined above, w hat sources o f  inform ation 

should you use to acquire the knowledge and skills? It may be helpful to 
review  your list o f  needs to determ ine appropriate resources. Record in your 
Engineering Notebook.

3. Thinking About Your Thinking (Metacognition)
How difficult was it to determ ine what you did not know? W ere there 

things you thought you understood or knew that, upon reflection, either 
individually or w ith your group, you realized you needed to leam ? Record in 
your Engineering Notebook.

W hich items in your list o f  things to leam  are likely to require your 
instructor as a resource?

Can your peers be a resource?

How well are you able to follow this process? W hy?
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4. Repeat Steps 1, 2, and 3 (Individually -  Outside of Class)
Personalize the list o f  learning needs and the list o f  things known for your 

self. R e c o rd  in y o u r  E n g in eerin g  N o teb o o k .
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Problem Log 4 -  Using Your Resources
(O utside-class -  Individual Exercises)__________

1. Use your list of resources to satisfy your learning needs
Use the appropriate resources to develop the understanding, knowledge, 

and skills you have defined for yourself for each need.

2. Summarizing What You Learned
In your notes, briefly sum m arize w hat you learned for each need. R eco rd  

in y o u r  E n g in eerin g  N o teb o o k .

3. Thinking About Your Thinking (Metacognition)
What worked well in this process? W hat did not? W hy? W hat should you 

do differently next time? R e c o rd  in y o u r  E n g in eerin g  N o teb o o k .
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Problem Log 5 -  Reviewing What You Learned
(In-class -  C ollaborative Group Exercises)__________________________________

W ith your group, use your lists o f  learning needs to share w hat you have 
learned with other m embers o f  your group. Relate what you learned to what you 
needed to leam .

1. Reviewing Learning
Briefly, answ er the following questions as they apply to your experience.

W hat interesting or valuable inform ation did others leam  that is valuable 
to solving the problem ?

How does your new knowledge change your view  o f the problem ?

W hat, if  anything learned by others, causes you to revise w hat you have 
learned?

2. Reviewing How You Learned
Briefly, answ er the following questions as they apply to your experience.

W hat resources for learning did others use that is valuable to solving the 
problem ?

W hat strategies for learning did others use that is valuable to solving the 
problem ?

W hat resources and strategies, if  any, were o f  little value toward solving 
the problem ?
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Problem Log 6 -  Designing a Solution
(O utside-class -  Individual Exercises)________

It's  tim e to define an appropriate solution to the problem.

1. Selecting a Solution
Before w riting  code, think about the possible solutions previously 

discussed in class and w ith your group. W hat are the advantages and 
disadvantages previously discussed? Are you able to decide on a design that 
meets requirem ents and can  be im plem ented with w hat you have learned?

2. Program Design
A fter deciding upon a design, docum ent it in your Engineering Notebook.
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Problem Log 7 -  Completing the Program
(O utside-class -  Individual Exercise)_____________

1. Code
U sing your design, code your solution!

2. Thinking About Your Thinking (Metacognition)
Did your newly acquired know ledge and skills m ake your program m ing 

task easier? W as it m ore efficient? Did you find you needed to leam  more 
during the coding phase?
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Problem Log 8 -  Testing the Solution
(O utside-class -  Individual Exercise)________

1. Test Design
Softw are engineers m ust test each individual part o f  the code they write 

during Unit Testing. W hile this is often less-well formalized, the com pleted 
program  should be more form ally tested. Using your list o f  requirem ents, 
design a set o f test cases that w ill test each requirem ent to be sure it is 
satisfied (validation). These tests should also evaluate w hether the program  
does things correctly and defect free (verification). R eco rd  y o u r  te s t c a se s  in 
y o u r  E n g in eerin g  N o tebook .

2. Test Execution
Run your test cases w ith your program . R eco rd  y o u r  re su lts  in y o u r  

E n g in eerin g  N o tebook .
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Problem Log 9 -  Final Review
(In-class -  C ollaborative G roup Exercises)

1. Summarizing What You Learned
W ork with your group to sum m arize the m ost im portant things you 

learned during this assignm ent.
W hat program m ing principles did you leam ? W hat did you learn about 

your ability to program ? W hat did you leam  about your ability to approach a 
real-world problem ?

Brainstorm  to create a list and re c o rd  in y o u r  E n g in eerin g  N otebook .

2. Thinking About Your Thinking (Metacognition)
Review  w ith your group the processes and activities you experienced for 

this assignm ent. C reate an  outline or model about the process that m ight be 
useful for future learning. R eco rd  in y o u r  E n g in eerin g  N otebook .
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D. NON-PBL EXERCISE 2
Write a Java program that reads from a file ar.d writes to a file. It 

will process data lines until end of file. The data ir. the input file 
should be read and processed in one pass thru the file. Ail output 
should be tc one file. Each line in the data file will contain an 
integer followed by a name. Use a String to store the name. See example 
at the bottom or the page for a sample program which inputs one sucn 
line. Do NOT use an array bo store the integers.
Create a printed report that consists of a table with appropriate 

headings. The columns of the report will contain the name, value, ar.d 
then a message. The message is TUTSTANCI'IG if the value is -0 or mere; 
Satisfactory if the value is between TO and 65 inclusive; FAILING 
otherwise. Use an "if/else if".

After ail the data lines have been processed, print with messages the 
number of data lines processed, and the number ana real average of the 
values between ”0 and 65 inclusive 'Use 1 decimal place 1 .
Follow the documentation guidelines. Methods must ce used for the
heading of the table and for the summary or the table. Hand ir. a printed
copy of the source code, the data file, and the output.

ita to use: Use order her

.1 *. -t 'j light Faren L
5 1 Fagan Bert Todd
60 Antrim Forrest I
6 5 'Jamder. Warren
o 1 Muiicxa A1 B
m c Lee Phoebe

Bright Harry
51 Garris Ted
*t j 3er.scn Martyr.e
1 G Licyd Jear.me 1

Leslie Bennie A
"* o Brandt Leslie
3 5 Schuiman David
50 Worthington Dan
— Hail Gus W
5C Pngeor. Dale P.
63 Fitzgicbons Rus

// reads one line of user input where the input has the form 
/ ' integer name
// name may consist of any number of parts
// output is a message tc the screen with the integer and the name
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impo r t 3 av a .ic.*; 
import ^ava.util.';

class intMame
t

public static void main (String [! arqs 1 throws IOExcept 
• System, out. print In This is a new example." ; 
int p.um;
String name;
3ufferedReader cr = new 3uffered Reader ;new 
InputStreamfeader(System.in 1 ■ ;
String str = br . readLme ' 1 ?
S t r r n g T c k e n i r e r  s t  = n e w  S t r i r . g T o k e m z e r  1 s t r  1 ; 
p.um = I n t e g e r  . p a r  s e  I n t  s t  . r . e x t T c  k e r . . 1 ; ; 
n a m e  = s ' . n e x t T c k e n - ; ; 
w h i l e  . s t . h a s M o r e T c k e n s : i 1

( name = name - ’ * * s t . r.extToken • ■ ; •
System, out. print Ir. number is " * num.; ;
S vs tern, cut. cr m t  in ." name is ” - name>;
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E. D EM OG RA PH ICS SURVEY 

D EM O G RA PH IC INFORM ATION

1. Gender (circle one). Male

2. Birthdate______________________

3. What year did you graduate from high school?

4. Class level (circle one).

Freshman Sophomore Junior

5. Ethnic background (circle one).

Afro-American Asian Caucasian
Other

or Black American or Spanish
Speaking

6. How many hours per week do you work for pay?

7. How many other college level courses have you 
had in this subject area?

8. How many classes are you taking this term?

9. How many hours a week do you study for this course1?
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10. Reason for taking this class (circle yes or no for each item).

a. fulfills distribution requirement Yes No

b. content seems interesting Yes No

c. is required o f all students at college Yes No

d. will be useful to me in other courses Yes No

e. is an easy elective Yes No

f. will help improve my academic skills Yes No

g- is required for major (program) Yes No

h. was recommended by a friend Yes No

i. was recommended by a counselor Yes No

j- will improve career prospects Yes No

k. fits into my schedule Yes No
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F. SDLRS QUESTIONNAIRE

QUESTIONNAIRE1
INSTRUCTIONS: This is a questionnaire designed to gather data on learning 
preferences and attitudes towards learning. After reading each item, please indicate the 
degree to which you feel that statement is true of you. Please read each choice carefully 
and circle the number of the response which best expresses your feeling.

There is no time limit for the questionnaire. Try not to spend too much time on any 
one item, however. Your first reaction to the question will usually be the most accurate.

RESPONSES

ITEMS:

1. I’m looking forward to learning 
as long as I’m living.

2. I know what I want to leam.

3. When I see something that I 
don’t understand, I stay away from 
it.

4. If there is something I want to 
leam, I can figure out a way to leam
it.

5. I love to leam.

6 . It takes me a while to get started 
on new projects.
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RESPONSES

8 .

ITEMS:

In a classroom, I expect the 
teacher to tell all class members 
exactly what to do at all times.

I believe that thinking about who 
you are, where you are, and where 
you are going should be a major part 
of every person’s education.

9. I don’t work very well on my 
own.

10. If I discover a need for 
information that I don’t have, I know 
where to go to get it.

11. I can learn things on my own 
better than most people.

12. Even if I have a great idea, I 
can’t seem to develop a plan for 
making it work.

13. In a learning experience, I prefer 
to take part in deciding what will be 
learned and how.

14. Difficult study doesn’t bother me 
if I’m interested in something.

15. No one but me is truly 
responsible for what I leam.

16. I can tell whether I'm learning 
something well or not.
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RESPONSES

ITEMS:

17. There are so many things I want 
to leam that I wish that there were 
more hours in a day.

18. If there is something I have 
decided to leam, I can find time for 
it, no matter how busy I am.

19. Understanding what I read is a 
problem fo r me.

20. If I don’t leam, it’s not my fault.

21. I know when I need to leam 
more about something.

22. If I can understand something 
well enough to get a good grade on 
a test, it doesn’t bother me if I still 
have questions about it.

23. I think 
places.

libraries are boring

24. The people I admire most are 
always learning new things.

25. I can think of many different
ways to leam about a new topic.

26. I try to relate what I am learning
to my long-term goals.

27. I am capable of learning for
m yself almost anything I m ight need 
to know.
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RESPONSES

ITEMS:

28. I really enjoy tracking down the
answer to a question.

29. I don’t like dealing with 
questions where there is not one 
right answer.

30. I have a lot of curiosity about
things.

31. I’ll be glad when I’m finished 
learning.

32. I'm not as interested in learning 
as some other people seem to be.

33. I don’t have any problems with
basic study skills.

34. I like to try new things, even if
I'm not sure how they will turn out.

35. I don’t like it when people who 
really know what they’re doing point 
out mistakes that I am making.

36. I’m good at thinking of unusual 
ways to do things.

37. I like to think about the future.

38. I’m better than most people are 
at trying to find out the things I need 
to know.
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RESPONSES

ITEMS:

40. I can make myself do what I 
think I should.

41. I'm happy with the way I 
investigate problems.

42. I become a leader in group 
learning situations.

43. I enjoy discussing ideas.

44. I don’t like challenging learning
situations.

45. I have a strong desire to learn
new things.

46. The more I leam, the more 
exciting the world becomes.

47. Learning is fun.

48. It’s better to stick with the 
learning methods that we know will 
work instead of always trying new 
ones.

49. I want to leam more so that I
can keep growing as a person.

50. I am responsible for my learning 
-  no one else is.

51. Learning how to leam is 
important to me.

52. I will never be too old to leam 
new things.
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RESPONSES

ITEMS:

53. Constant learning is a bore.

54. Learning is a tool for life.

55. I leam several new things on my 
own each year.

56. Learning doesn't make any 
difference in my life.

57. I am an effective learner in the 
classroom and on my own.

58. Learners are leaders.
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G. M SLQ Q UESTIONN AIRE

Motivated Strategies For Learning Questionnaire2

The following questions ask  about your m otivation for and attitudes about this 
class. Remember there are no right or wrong answers, just answer as 
accurately as possible. Use the scale below to answ er the questions. If you think 
the statem ent is very true o f  you, circle 7; i f  a statem ent is not at all true o f  you. 
circle I. If the statem ent is m ore or less true o f  you. find the num ber between 1 and 
7 that best describes you.

Part A. M otivation

not at all 
true of me

not a t all 
true of me

very true 
of me

1. In a class like this. I 
prefer course material 
that really challenges 
me so I can leam new  
things.

2 3 4 5 6 7

If I study in appropriate 
ways, then I will be 
able to leam the 
material in this course.

2 3 4 5 6 7

3. When I take a test I
think about how poorly 
I am doing compared 
with other students.

2 3 4 5 6 7

4. I think I will be able to 
use what I leam in this 
course in other courses.

2 3 4 5 6 7
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5. I believe I will receive 
an excellent grade in 
this class.

6. I’m certain I can 
understand the most 
difficult material 
presented in the 
reading for this course.

7. Getting a good grade in 
this class is the most 
satisfying thing for me 
right now.

8. When I take a test I 
think about items on 
other parts o f the test I 
can't answer.

9. It is my own fault if I 
don’t leam the material 
in this course.

10. It is important for me 
to leam the course 
material in this class.

11. The most important 
thing for me right now  
is improving my 
overall grade point 
average, so my main 
concern in this class is 
getting a good grade.

not at all
true of me

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

I 2 3

1 2 3

148

very true
of me

5 6 7

5 6 7

5 6 7

5 6 7

5 6 7

5 6 7

4 5 6 7
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not at all
true of me

very true
of me

12. I’m confident I can 
leam the basic concepts 
taught in this class.

13. If I can, I want to get 
better grades in this 
class than most o f the 
other students.

14. When I take test I think 
o f the consequences o f  
failing.

15. I’m confident I can 
understand the most 
complex material 
presented by the 
instructor in this 
course.

16. In a class like this, I 
prefer course material 
that arouses my 
curiosity, even if  it is 
difficult to leam.

17. I am very interested in 
the content area o f this 
course.

18. I f  I try hard enough, 
then I will understand 
the course material.

19. I have an uneasy, upset 
feeling when I take an 
exam.

1 2 3 4 5 6 7

1 2 3 4 5 6 7

I 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

I 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7
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20. I’m confident I can do 
an excellent job on the 
assignments and tests 
in this course.

21. I expect to do well in 
this class.

22. The most satisfying 
thing for me in this 
course is trying to 
understand the content 
as thoroughly as 
possible.

23. I think the course 
material in this class is 
useful for me to leam.

24. When I have the 
opportunity in this 
class, I choose course 
assignments that I can 
leam from even if they 
don’t guarantee a good 
grade.

25. If I don’t understand 
the course material, it 
is because I didn’t try 
hard enough.

26. I like the subject matter 
o f this course.

not at all
true of me

1 2 3

1 2 3

I 2 3

1 2 3

1 2 3
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very true
of me

5 6 7

5 6 7

5 6 7

5 6 7

5 6 7

4 5 6 7
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not a t all
true of me

27. Understanding the 1 2  3 4
subject matter o f  this
course is very 
important to me.

28. I feel my heart beating I 2 3 4
fast when I take an
exam.

29. I’m certain I can master 1 2 3 4
the skills being taught
in this class.

30. I want to do well in this 1 2 3 4
class because it is
important to show my 
ability to my family, 
friends, employer, or 
others.

3 1. Considering the 1 2  3 4
difficulty o f  this
course, the teacher, and 
my skills. I think I will 
do well in this class.

151

very true
of me

5 6 7

5 6 7

5 6 7

5 6 7
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Part B. Learning Strategies 
The follow ing questions ask about your learning strategies and study skills for 

this class. Again, there are no right o r w rong answ ers. Answer the questions about 
how  you study in this class as accurately as possible. Use the sam e scale to answ er 
the rem aining questions. I f  you think the statem ent is very true o f  you, circle 7: if  a 
statem ent is not at all true o f  you, circle 1. If the statement is m ore or less true o f  
you, find the num ber between 1 and 7 that best describes you.

1
not at all 
true of me

6 7
very true 

of me

not a t all 
tru e  of me

very true 
of  me

32.

33.

When I study the 
readings for this 
course, I outline the 
material to help me 
organize my thoughts

During class time I 
often miss important 
points because I'm 
thinking o f  other 
things.

1 2 3 4 5

1 2 3 4 5 6 7

34. When studying for this 
course. I often try to 
explain the material to 
a classmate or friend.

1 2 3 4 5 6 7

35. I usually study in a 
place where I can 
concentrate on my 
course work.

1 2 3 4 5 6 7
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not a t all
true of me

36. When reading for this 
course, I make up 
questions to help focus 
my reading.

37. I often feel so lazy or 
bored when I study for 
this class that I quit 
before I finish what I 
planned to do.

38. I often find m yself 
questioning things I 
hear or read in this 
course to decide if  I 
find them convincing.

39. When I study for this 
class, I practice saying 
the material to m yself 
over and over.

40. Even if I have trouble 
learning the material in 
this class, I try to do 
the work on my own, 
without help from 
anyone.

41. When I become 
confused about 
something I’m reading 
for this class, I go back 
and try to figure it out.

153

very true
of me

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6
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42. When I study for this 
course. I go through the 
readings and my class 
notes and try to find the 
most important ideas.

43. I make good use o f my 
study time for this 
course.

44. If course readings are 
difficult to understand,
I change the way I read 
the material.

45. I try to work with other 
students from this class 
to complete the course 
assignments.

46. When studying for this 
course. I read my class 
notes and the course 
readings over and over 
again.

47. When a theory, 
interpretation, or 
conclusion is presented 
in class or in the 
readings. I try to decide 
if  there is good 
supporting evidence.

not a t  all very true
true of me of me

1 2 3 4 5 6

I 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

1 2 3 4 5 6

154

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



www.manaraa.com

not at all
true of me

48. I work hard to do well 1 2
in this class even if I
don’t like what we are 
doing.

49. I make simple charts, 1 2
diagrams, or tables to
help me organize 
course material.

50. When studying for this 1 2
course, I often set aside
time to discuss course 
material with a group 
o f  students from the 
class.

51. I treat the course I 2
material as a starting
point and try to develop 
my own ideas about it.

52. I find it hard to stick to 1 2
a study schedule.

53. When I study for this I 2
class. I pull together
information from 
different sources, such 
as lectures, readings, 
and discussions.

155

very true
of me

3 4  5  6  7

3 4 5 6 7

3 4 5 6 7

3 4 5 6 7

3 4 5 6 7

3 4 5 6 7
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not a t  ail
true of me

54. Before I study new 1 2
course material
thoroughly, I often 
skim it to see how it is 
organized.

55. I ask m yself questions I 2
to make sure I
understand the material 
I have been studying in 
this class.

56. I try to change the way 1 2
I study in order to fit
the course requirements 
and the instructor's 
teaching style.

57. I often find that I have 1 2
been reading for this
class but don’t know  
what it was all about.

58. I ask the instructor to 1 2
clarify concepts I don't
understand well.

59. I memorize key words 1 2
to remind me o f
important concepts in 
this class.

60. When course work is 1 2
difficult, I either give
up or only study the 
easy parts.

156

very true
of me

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6
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not a t all
true of me

61. I try to think through a 1 2
topic and decide what I
am supposed to leam  
from it rather than just 
reading it over when 
studying for this 
course.

62. I try to relate ideas in 1 2
this subject to those in
other courses whenever 
possible.

63. When I study for this 1 2
course. I go over my
class notes and make 
an outline o f  important 
concepts.

64. When reading for this 1 2
class, I try to related
the material to what I 
already know.

65. I have a regular place 1 2
set aside for studying.

66. I try to play around 1 2
with ideas o f my own
related to what I am 
learning in this course.

157

very true
of me

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6
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not at all
true of me

67. When I study for this 1
course, I write brief
summaries o f  the main 
ideas from the readings 
and my class notes.

68. When I can’t 1
understand the material
in this course. I ask 
another student in this 
class for help.

69. I try to understand the 1
material in this class by
making connections 
between the readings 
and the concepts from 
the lectures.

70. I make sure that I keep 1
up with weekly
readings and 
assignments for this 
course.

71. Whenever I read or 1
hear an assertion or
conclusion in this class,
I think about possible 
alternatives.

72. I make lists o f  1
important items for this
course and memorize 
the lists.

158

very true
of me

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6

3 4 5 6
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not at all
true of me

very true
of me

73. I attend this class 
regularly.

74. Even when course 
materials are dull and 
uninteresting, I mange 
to keep working until I 
finish.

75. I try to identify 
students in this class 
whom I can ask for 
help if  necessary.

76. When studying for this 
course I try to 
determine which 
concepts I don't 
understand well.

77. I often find that I don’t 
spend very much time 
on this course because 
o f other activities.

78. When I study for this 
class, I set goals for 
m yself in order to 
direct my activities in 
each study period.

79. If I get confused taking 
notes in class, I make 
sure I sort it out 
afterwards.

1 2 3 4  5 6

1 2 3 4  5 6

1 2 3 4  5 6

1 2 3 4  5 6

1 2 3 4  5 6

1 2  3 4

1 2 3 4  5 6
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not at all
true  of me

very true
of me

80. I rarely find time to 2 3 4 5 6 7
review my notes or 
readings before an 
exam.

81. I try to apply ideas 2 3 4 5 6 7
from course readings in 
other class activities 
such as lecture and 
discussion.

^Copyright 1991 The Regents o f  The U niversity  o f M ichigan, used with 
perm ission
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H. PSP TIM E LOGS

ID Code: ____________________ Date:

Date Start

i

Stop
Interruption
Time

Delta
Time Activityl Comments

1

1
i

i

|

|
1

|

1 1

i

i

|
I

i

Activity Codesl (See reverse for full description)
(RD) -  Requirements Definition
(LN) -  Defining Learning Needs
(LR) -  Defining Learning Resources
(D) -  Designing Solutions
(L/S) -  Leaming/Study
(P) -  Programming/Implementation
(DB) -  Debugging
(T) -  Testing
(RL) -  Reviewing Learning
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Activity Codes1
Requirements Definition (RD) -

Defining Learning Needs (LN) -  

Defining Learning Resources (LR) -  

Designing Solutions (D) -

Leaming/Study (L/S) -  

Programming/Implementation (P) -

Debugging (DB) -  
Testing (T) -

Reviewing Learning (RL) -

Working on understanding & defining what's 
needed to solve the problem; analyzing the 
problem
Thinking & understanding what you will need to
know to solve the problem
Thinking & finding the resources you will use to
leam what you need to solve the problem
Thinking & creating possible solutions to each
requirement you have identified (prior to
programming)
Time spent reading, understanding, 
collaborating/sharing information, and 
experimenting for the purpose of learning what 
you need to solve the problem 
Actual writing code to implement the solution you 
have designed; does NOT include 
experimentation to find a solution to a particular 
issue (this is Leaming/Study)
Finding & fixing coding errors & errors in logic 
Checking your program for conformance to 
requirements and correctness; searching for 
defects
Thinking about and reviewing what you learned, 
what you wanted or needed to leam for this 
problem, and how well you were able to define 
and use learning resources
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PSP Weekly Summary
ID Code: ___________________  Date:
Week Starting

TASKS

IR
eq

m
ls

 
De

fin
e 

(R
D

)
i D

ef
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e 
Le

arn
 

N
ee

ds
 

(L
N)

D
ef

in
e

Le
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ni
ng

R
es

ou
rc

e
(L

R)

D
es

ig
n

So
lu

tio
n

(D
)

Le
ar

ni
ng

/S
tu

dy
(U

S)

Pr
og

(P
)

D
eb

ug
(D

B)

Te
st

in
g

(T
)

K
ev

ie
w

Le
ar

n
(R

L)

To
ta

ls

Day •4'

Sun

M on

Tue

Wed

Thur

Fri

Sat
1

TOTALS!

Activity Codes1 (See reverse for full description)
(RD) -  Requirements Definition
(LN) -  Defining Learning Needs
(LR) -  Defining Learning Resources
(D) -  Designing Solutions
( US )  -  Leaming/Study
(P) -  Programming/Implementation
(DB) -  Debugging
(T) -  Testing
(RL) -  Reviewing Learning
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Activity C o d e s1
Requirements Definition (RD) -

Defining Learning Needs (LN) -  

Defining Learning Resources (LR) -  

Designing Solutions (D) -

Leaming/Study ( U S )  -  

Programming/Implementation (P) -

Debugging (DB) -  
Testing (T) -

Reviewing Learning (RL) -

Working on understanding & defining what’s 
needed to solve the problem; analyzing the 
problem
Thinking & understanding what you will need to
know to solve the problem
Thinking & finding the resources you will use to
learn what you need to solve the problem
Thinking & creating possible solutions to each
requirement you have identified (prior to
programming)
Time spent reading, understanding, 
collaborating/sharing information, and 
experimenting for the purpose of learning what 
you need to solve the problem 
Actual writing code to implement the solution you 
have designed; does NOT include 
experimentation to find a solution to a particular 
issue (this is Leaming/Study)
Finding & fixing coding errors & errors in logic 
Checking your program for conformance to 
requirements and correctness; searching for 
defects
Thinking about and reviewing what you learned, 
what you wanted or needed to leam for this 
problem, and how well you were able to define 
and use learning resources
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I. REPEA TED  M EASURES ANOVA A SSU M PTIO N S

Levene's Test o f Equality o f  Error Variances"
F df1 df2 Sig.

MSLQA1 1.596 1 14 .227
MSLQA2 .619 1 14 .444
MSLQA3 .321 1 14 .580
MSLQB1 8.721 1 14 .010
MSLQB2 .882 1 14 .363
MSLQB3 .007 1 14 .935
SDLRS1 .010 1 14 .923
SDLRS2 .051 1 14 .825
SDLRS3 .591 1 14 .455

GRADE15 5.785 1 14 .031
PRG6PCT .836 1 14 .376
PRG7PCT 1.953 1 14 .184

SDL2 .151 1 10 .706
! SDL2 .091 1 10 .769
Tests the null hypothesis that the error variance of the dependent variable is equal 
across groups.
a Design: Intercept+SECTION Within Subjects Design: TIME

M auchly’s Test o f  Sphericityb
Mauc
hly’s

W

Approx.
Chi-

Square
df Sig. EpsilonJ

Within
Subjects
Effect

Measure Greenhouse-
Geisser

Huynh-Feldt Lower-
bound

TIME

MOTIVE .798 2.938 2 .228 .832 .998 .500
SKILLS .954 .618 2 .734 .956 1.000 .500

READINES .943 .757 2 .684 .946 1.000 .500
GRADES .952 .634 2 .729 .955 1.000 .500

PERFORM 1.00 .000 0 1.000 1.000 1.000
Tests the null hypothesis that the error covariance matrix of the orthonormalized 
transformed dependent variables is proportional to an identity matrix, 
a May be used to adjust the degrees of freedom for the averaged tests of significance. 
Corrected tests are displayed in the Tests of Within-Subjects Effects table, 
b Design: Intercept+SECTION Within Subjects Design: TIME
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B ox’s Test o f  Equality o f  V ariance-Covariance M atrices3
DV B ox’s M F d fl df2 Sie.
M otivation 14.152 1.801 6 1420.075 .095
Skills 8.854 1.127 6 1420.075 .344
Readiness 7.469 .954 6 1420.075 .455
Grades 8.463 1.077 6 1420.075 .374
Perform ance 3.070 .802 3 18000.000 .493
Tests the null hypothesis that the observed covariance matrices of the dependent 
variables are equal across groups
aDesign: Intercept + METHOD; Within Subjects Design: TIME
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Tests of Normality
SECTION Shapiro-Wilk !

Statistic df Sig.

MSLQA1 Control Group .931 8 .497
Treatment Group .989 8 .990*

MSLQA2 Control Group .892 8 .302
Treatment Group .913 8 .407

MSLQA3 Control Group .974 8 .915
Treatment Group .944 8 .621

MSLQB1 Control Group .913 8 .405
Treatment Group .898 8 .332

MSLQB2 Control Group .930 8 .492
Treatment Group .964 8 .823

MSLQB3 Control Group .912 8 .400
Treatment Group .929 8 .487

SDLRS1 Control Group .904 8 .363
Treatment Group .948 8 .658

SDLRS2 Control Group .852 8 .103
Treatment Group .922 8 .452

SDLRS3 Control Group .897 8 .330
Treatment Group .980 8 .962

GRADE15 Control Group .906 8 .374!
Treatment Group .943 8 .614

PRG6PCT Control Group .777 8 .020
Treatment Group .985 8 .984

PRG7PCT Control Group .704 8 .010’ *
Treatment Group .962 8 .797

SDL2 Control Group .928 6 .509
Treatment Group .903 6 .404

SDL3
i

Control Group .806 6 .073
Treatment Group .901 I 6 .398

This is a lower bound of the true significance.
' This is an upper bound of the true significance.
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