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THE EFFECTSOF MULTIMEDIA INTERFACE DESIGN ON ORIGINAL
LEARNING AND RETENTION

TheresaD. Ramsey

(ABSTRACT)

The goa of this research was to compare the learning outcomes of three methods of
instruction: atext-based instructional system and two multimedia systems. The two multimedia
systems used different interface designs. The first multimedia system used a topic-oriented
interface which is somewhat standard in multimedia design. The second multimedia system
presented a problem solving context and simulated an industrial setting where the user played the
role of an industrial engineer. All three methods presented anal ogous information about Time
Study Analysis, awork measurement technique used by industrial engineers.

A between subjects experimental design with two independent measures examined two
domains of learning: verbal information and intellectual skills. This design was used for two
sessions to examine original learning and retention components of learning. Original learning was
measured immediately following the instructional treatment. Retention was measured two weeks
after treatment. Thirty subjects of similar backgrounds (undergraduates in Industrial and Systems
Engineering) participated in the experiment’ s two sessions. Post-tests were used to measure verbal
information and intellectual skills domains of learning during each session. A combined score for
both domains was calculated. The scores were analyzed using ANOVA (analysis of variance). No
significant differences were found between the three instructional methods for the two domains or
the combined score during either the original learning session or the retention session of the
experiment.
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INTRODUCTION

The use of computer-based multimedia systems for education and training is rapidly
increasing. Much emphasis has been placed on the technological advancements of these systems.
Multimedia systems allow information to be presented as text, audio, graphics, video, and
animation. Thisvariety of presentation media permits the generation of impressive displays that
are dazzling to eye and ear.

Few studies, however, have ventured to examine the ability of multimedia systemsto
transfer knowledge or skillsto the learner (Bland and Liebowitz, 1995). As part of the
Southeastern University and College Coalition for Engineering Education (SUCCEED), the
Virginia Tech Department of Industrial and Systems Engineering (ISE) has sought to improve
engineering education. This study, funded by SUCCEED, examines the effects of multimedia
systems on learning; recognizing the importance of evaluating multimedia as a method of
instruction.

The goadl of this research isto compare the learning outcomes of three different instructional
methods. atext-based instructional system (the control condition) and two multimediainstructiona
systems (treatments 2 and 3). The text-based instructional system consists of hard-copy (paper)
handout with text and illustrations. The two interactive multimedia systems use different interface
designsto present the instructional material. One multimedia system (standard multimedia)
presents the material in a highly-structured manner, which has become a standard interface for
multimedia instructional systems where information is grouped under topics. The second
multimedia system (multimedia simulation) creates a role-playing situation were the learner is
placed in asimulated industria environment with fictitious people, places, and events. All three
systems present the same instructional material.

Theinstructional material is based on the topic of Time Study Analysis, currently taught as
part of ajunior-level |SE course; Work Measurement and Methods Engineering. This study
expands on the research by Petitt (1994) who also used the time study topic to compare text-based
instruction and multimedia systems for the effects on origina learning. Two measures of learning,
ameasure of origina learning immediately following instruction and a measure of retention two
weeks after instruction, were performed. The results from the measures of original learning and
retention were analyzed using ANOV A to determine which, if any, of the three instructiona
methods produced superior learning outcomes.



BACKGROUND

Definition of Learning

Learning involves aredatively permanent change in behavior of knowledge due to
experience (Chance, 1988). Learning occurs when information is understood and remembered by
anindividual. Information to be learned can be presented in many ways. Traditionally, learning
has relied on atextbook and lecture format for the transfer of knowledge. Technological
advancements, in particular multimedia systems, have enabled presentation of informationin a
number of medias including text, audio, video, graphics, and animation. Multimedia also adds the
element of user interaction with the information presented. With the introduction of new mediaand
user interaction comes the challenge for using them effectively to transfer knowledge to the learner.
It isimportant to understand how people learn and process information to successfully design and
implement multimediafor learning.

Human Information Processing Model

The cognitive aspects of learning areillustrated by the human information processing
model. Thismodel describes human learning as an internal process in which memory isacentra
element (Gagne, 1985). Human memory is comprised of two components. working (or short
term) memory and long term memory (Wickens, 1992). Working memory stores new information
temporarily, whereas long term memory stores information in a more permanent manner.
Information temporarily stored in working memory can be either committed to long term memory
or forgotten.

A three-step process describes how human memory handles informational stimuli
(Wickens, 1992). Thefirst step, encoding, describes how information is placed into working
memory. The second step, storage, is the manner in which information is encoded. This encoding
occurs as spatia (images) and verbal (speech) for working memory or as procedural, declarative,
and mental models for long-term memory. Thethird step, retrieval, is the process of successfully
getting information from memory. Figure 1 shows a representation of human memory functions.

Working memory

7 e e

Verbal Retrieval
Spatial . )
Encoding B
(Learning and Training) o Storage

Long-term memory /
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Procedural, declarative
crganization, mental models

FIGURE 1 Human Memory Model (Wickens, 1992)



Mental Models and Learning

Mental models help learners by providing aframework for understanding the world and
how it works. Mental models guide our explanations and interpretations of events and therefore
impact what we learn and remember (Norman, 1988). The development of good mental models
can provide support that leads to deep understanding and effective retrieval from memory
(Hasselbring, 1994). Designers should provide good mental models for people to aid their
comprehension of all systems, whether the system is a consumer product or an instructional
system.

Levieand Lentz (1982) discuss mental models in providing visual support for
comprehension. They studied the use of static pictures (illustrations) accompanying text in
children’s stories. Their findings suggest that pictures that are decorative (meaning they do not
depict actual events from a story) fail to aid comprehension because they do not help children
construct mental models of the story situation. On the other hand, picturesthat illustrate actual
scenes from astory or help organize complex scenes that may be difficult to imagine improve the
child’s memory of the story.

In contrast, “when source materia is entirely in text form, students often have difficulty
constructing mental model s because they lack knowledge about the concepts or because decoding
text takes considerable effort, depriving them of mental resources they could otherwise use to
comprehend the information more deeply” (Hasselbring, 1994). Wood (1994) states that up to 30
percent of the population are not able to visualize a concept from atext description. Multimedia
systems can help learners construct good mental models by illustrating concepts that are difficult to
imagine from atext description alone.

Multiple Resource Theory

Our working memory has limits; we can only process alimited amount of information at
onetime. How much information can be processed depends on a number of factors including how
the information is presented. Multiple resource theory maintains that dividing attention between
modalitiesis better than dividing attention within one modality. Imposing a high load on one
modality can cause deficiency of resources and task interference. Separating resources along
gpatial and verba modalities |eads to better time-sharing and task difficulty insensitivity (Wickens,
1992). Multiple resource theory suggests that many tasks are completed more effectively when
different modalities are used together (Blattner, 1994). Multimedia systems can present
information in different modalities taking the maximum advantage of the resources available. The
Nationa Education Training Group (1995) states that multimedia can improve retention by 25-50%
because multiple senses are engaged to reinforce the instructional material.

Dua Coding Theory

Dual Coding Theory (DCT) is an information processing theory that proposes information is coded
and processed by separate verbal and non-verbal systems. The verbal system handles text and
speech. The nonverbal system handles visual objects, sounds (not speech), visual perceptions,
and the fed of objects. Both the verbal and nonverba systems are part of a symbolic system
hierarchy which is orthogonally related to sensorimotor systems. Neale (1994) examined DCT
predictions using multimedia systems and found limited support. Dual-coded groups spent less
time answering retention questions but performed better than single-coded groups. However, the
dual-coded groups spent more time reviewing the material. I1n addition, a difference between text
and speech was found that is not support by DCT.

Components of Learning

The components of learning should be considered when forming goals for an instructional
system. Goldstein (1993) lists three components: 1) original learning, 2) transfer, and 3)




retention. Original learning refers to the knowledge, skills, and abilities (KSAS) the learner can
exhibit at completion of the instruction. Transfer refersto the degree to which the KSAs acquired
during instruction will transfer to the actual task environment or can be used to solve someredl
world problem. Retention refers to the KSAs the learner can exhibit at sometime interval after
instruction is completed. This study examines both original learning and retention components of
learning. Origina learning is measured by means of atest administered at the completion of the
instruction. This measure allows a comparison of instructional methods immediately following the
application of the method as well as a comparison to findings from Petitt (1994). A second test
administered two weeks after the first test forms measures retention.

Domains of Learning

Information is very diverse. The nature of information and the domains of learning should
be identified in order to properly design an instructional system and to prepare tests measuring
learning outcomes. Four domains of learning have been proposed: 1) verbal information, 2)
intellectual skills, 3) psychomotor skills, and 4) attitudes (Gagne, 1985; Dick and Carey, 1990).
This study concentrates on verbal information and intellectual skills.

Verbal information can be basically described as facts that a person may learn. The learner
does not have to apply rules to determine the answer, the learner smply remembers the information
so it can berecalled at the appropriate time. This requires a specific answer to a specific question.
The learner often must state, list, or describe the verbal information. Examples of verbal
information include listing the parts of a machine and reciting the capitals of each state.

Intellectual skillsinvolve problem-solving. The learner must perform some cognitive
activity uniqueto the problem. With intellectual skills, the learner can determineif items are alike
or different, can classify things by their characteristics, and can select and apply avariety of rules
in order to solve aproblem (Dick and Carey, 1990). Examples of intellectuals skillsinclude
balancing a checkbook, classifying animals, and determining if two sounds are similar or different.

Changes in the L earning Environment

In order to gain insight into the changing learning environment and how computers are
affecting learning, some discussion about trends in instructional design should be considered.
Traditionally, learning has relied on a textbook and lecture format for the transfer of knowledge.
The student is a passive recipient of knowledge under thisformat. Traditional schooling treats
learning like a savings bank where knowledge is deposited for future use (Papert, 1993). Much of
this knowledge remainsinert, meaning it is not accessed even though it is relevant for problem
solving. When knowledge is acquired through a problem-solving mode, instead of afactual mode,
the information learned isless likely to remain inert (Hasselbring, 1994). Students must
understand why, when, and how various skills and concepts are relevant or the knowledge will not
be used.

Students need the ability to think independently. They should be able to identify and define
problems and develop strategies for solving these problems on their own rather than ssimply
responding to problems posed by others. One way to help students become independent thinkers
isto anchor instruction in meaningful problem-solving environments (Hasselbring, 1994).
Examples of problem-solving environments include scenarios, case studies, hands-on projects,
and macrocontexts. Providing students with meaningful problemsto solve makes the students a
more active participant in the learning environment. Students can see the implications of their new
knowledge and |earn the appropriate conditions to apply this knowledge (Wilson and Cole, 1991).
Providing students with a context-rich, problem-solving environment can therefore increase
original learning, retention, and transfer of knowledge to real-world situations.

Computers, especially computer-based multimedia systems, can provide problem-rich
environments that help students learn. The simulation multimedia developed as part of this study




presents a problem-solving environment for the learner. The student plays the role of an industrial
engineer at the (fictitious) ACME faucet company. After alarge order for aparticular faucet is
received, the student is assigned to perform atime study to provide atime standard for assembly of
the faucets. It was hoped that by providing a meaningful problem for the students to solve they
would better understand why and how time studies are performed and they would retain this
knowledge over time.

In contrast, the text-based treatment of this study represents the traditional method of
instruction and is considered the control condition. The standard multimedia used in this study
provides an interactive forum allowing the student to choose the pace and content sequence for
instruction. However, the information is simply presented and this system does not provide a
problem-solving context for the student.

Advantages of Multimedia

Potential advantages to multimedia are numerous. Claims ranging from reduced learning
time to cost effectiveness abound. Few of these advantages have been evaluated using formal
experimentation. In addition, the advantages can be minimized or eliminated by poor design of the
multimediainterface. Since the literature discussing advantages of multimediais so extensive, only
advantages with particular impact on the multimedia systems used in this study will be explored.

One major advantage to interactive multimedia systems is the degree of learner control.
Learner-controlled instruction allows the student to study material at a pace that suits his’her needs.
Students are under less pressure to perform within certain time limits. Learners can choose a
logical route through the instructional material that is meaningful to them. Multimediainstructiona
systems alow learners the opportunity to explore materia of their choosing at a pace which is
comfortable to them. Students are more interested in the material since they choose the pace and
the sequence of the content. This increases the relevance of the material and creates a greater desire
to learn, which in turn helps to increase knowledge retention.

Considerable research has shown that students learn more effectively when the instruction
is consistent with their cognitive style (Gagne, 1985). Multimedia enables the learner to organize
the information in amanner that reflects hislearning style, thereby improving the retention and
retrieval of knowledge (Norman, Genter, Steven, 1976). The way students review multimedia
instructional material mirrors the way they think, learn, and remember. Students move between
text and images and sound, stopping for atime to interpret, analysis, and explore. Multimedia
adapts well to individual differences due to the high degree of learner control and the ability to map
to many learning styles.

Traditional learning relies heavily on reading text that may or may not be accompanied by
illustrations. However, the reading comprehension of some studentsis naturally better than other
students. Multimedia can provide dynamic illustrations (animations and video) that offer even
more support for comprehension than the use of static pictures studied by Levie and Lentz (1982).
In addition, students with varying levels of reading comprehension can use multiple sensesto
study information. Poor readers are more likely to perform at the same level as more better readers
due to the reduced reliance on reading comprehension as the primary means of learning.
Multimedia can provide both good and poor readers with more context and support for
comprehension than text done. This helpslearners devel op better mental models which are key to
learning.

Disadvantages of Multimedia

The complexity of amultimedia system and its interface design can increase with an
increase in the number of mediaused. It isimportant to use mediawhen it is appropriate --when it
can better convey information, instead of simply using it to show its technological capabilities.
While multimedia systems do exploit technological advances, emphasis should be placed on people




using the systems, not the technology. Potential disadvantages to multimediainstructional systems
should be taken into account to avoid these pitfalls when designing systems. Conscientious design
can help minimize disadvantages.

The non-linear nature of multimedia gives the user freedom to navigate through information
inavariety of routes. However, the user can lose their location within the system and become
confused about system status. Disorientation means the user does not know where he/sheis or
how to get somewhere he/she wants. Disorientation becomes more likely to occur and can be more
severe as the size of a system and the amount of information it contains grows.

One method of preventing user disorientation isto divide information into sections.
Separating information into natural subdivisions makes navigation through the material easier and
helps prevent the user from becoming disoriented. The divisions provide reference points,
allowing the user to identify where he/sheis. Familiar subdivisions such as topic headings and
paragraphs exist for text. Identifying divisonsismore difficult for other mediatypes. Often the
entire mediatype is considered a chunk of information; for example an entire video clip or audio
would be considered a chunk. Each of these chunks should be fairly small in size for easy replay
or review of a particular subdivision and good transitions between divisions. Presenting
information in small chunks aids learner comprehension and fosters continued interest in the
materid.

Other methods of preventing disorientation are through the use of scripts and providing the
user with information about system status. Some systems use scripts as built-in navigation paths
with associated actions and timing. Scripts create the possibility of moving through the system by
repetitively clicking at the same location or on the same button. If the user iswilling to accept this
default, the entire navigation problem is eliminated (Laurel, Oren, and Don, 1990). Information
such as words, phrases, or displayed items can be provided to the user to help alleviate the
orientation problem (Blattner, 1994).

Another major problem with multimedia systemsis related to human information
processing limitations. While multimedia can provide engaging displays, bombarding the learner
with too much information can lead to cognitive overload. If the learner’s attention is divided
among too many sources, learning will likely not occur. It isimportant to maintain the learner’s
interest but a careful balance must be kept to avert confusion.

To avoid cognitive overload, the number of user choices (linksto other areas of the

program) should be kept within the 7 + 2 guideline. Mediatypes should be used to help convey
information not ssmply to impress the user with technology. Proper use of color, font sizes,
logical grouping, and location coding can lower the complexity of the system leaving more
cognitive resources available for learning. Natural subdivisions of information, navigation aids,
and feedback can minimize what the user hasto keep track of and remember, thereby reducing their
cognitive load.

Both multimedia systems used in this research use the methods discussed to help prevent
disorientation and cognitive overload. The instructional information has been divided into four
sections. The standard multimedia allows access to any of these sections at any time through the
use of global topic buttons that appear at all times. In the simulation multimedia, a guide leads the
user to the next section of the program -- creating a default path, or the user can choose a different
path or choose to review previously seen information. Other cues are used to provide system
status. The standard multimedia shows what section of the program the user is viewing by
displaying the topic button as depressed. The simulation multimedia provides an overview of the
content and uses a status bar to show the current location.

Multimedia Intarface Design

The nature of multimedia permits an enormous variety of interface design possibilities.
Good interface design can maximize the advantages of multimediawhile minimizing the




disadvantages. Interface design issues pertinent to this research include the integration of media,
navigation, use of metaphors, standards and guidelines, and the goals of the multimedia system.

A typical problem with early multimedia systems was the tendency to segregate information
by the medium of representation. The information should be the focus not the media type used; or
in other words, the user is the main consideration not the technology. Good multimedia programs
integrate different mediatypes seamlesdy. Mediaintegration optimizes the power of all media
types by making them accessible to users with equal ease. The interface should provide smooth
transitions between mediatypes.

Multimedia frequently uses the metaphor of human-to-human communication as part of the
interface design. Guides are interface agents who act as companions to the user. Guides are often
used to help with navigation by explaining or suggesting options the user can choose at any
particular time. One example of the use of guides for multimediaisthe “Americana Series. A CD-
ROM Sampler of United States History” developed by Applein conjunction with Grolier, Inc.
(Laurel et al., 1990). Ten guides representing prototypical characters from history were available
to help the user navigate and link information together. The role-playing multimedia simulation
uses a guide to help explain the actions the user can take to prevent user disorientation.

Few standards exist for multimediainterface design. Since computers have just recently
had the computing power to take full advantage of combining mediatypes, some believe that we do
not know enough about these systems to standardize. Others believe standards would inhibit
innovation (Reed, 1993). However, standards do have benefits. Standards improve the ease of
learning and ease of use. Without standards, the user has to re-learn basic navigation for each new
screen or program. With standards, a consistent interface allows the user more time to concentrate
on the information portrayed and less time figuring out the interface. Standards also facilitate the
re-use of user interface design, code, and objects.

Theinterface design is dependent on the purpose of the multimedia system. The purpose
of multimedia systems used in this study isinstruction. Thereislittleinformation on user interface
design asit applies to the design and devel opment of educational software (Jones, Farquhar, and
Surry, 1995). Park and Hannafin (1993) do provide principles and implications for the design of
interactive multimedia for instruction, which are summarized in Table 1.

TABLE 1 Principlesand implications for the design of interactive multimedia
(Park and Hannafin, 1993)

Principle Implication
Related prior knowledge is the single most powerful Layer information to accommodate multiple levels of
influence in mediating subsequent learning. complexity and accommodate differencesin related

prior knowledge.

New knowledge becomes increasingly meaningful when Embed structural aids to facilitate selection,

integrated with existing knowledge. organization, and integration; embed activities that
prompt learner to generate their own unique meaning.

Learning isinfluenced by the supplied organization of Organize lesson segments into internally consistent

concepts to be learned. idea units.

Knowledge to be learned needs to be organized in ways Linkages between and among nodes need to reflect the

that reflect differencesin learner familiarity with lesson diverse ways in which the system will be used.

content, the nature of the learning task, and assumptions
about the structure of knowledge.

Knowledge is best integrated when unfamiliar concepts Use familiar metaphorsin conveying lesson content
can be related to familiar concepts. and designing the system interface.

Learning improves as the number of complementary Present information using multiple, complementary
stimuli used to represent learning content increases. symbols, formats, and perspectives.




TABLE 1 (continued)

Principle

Implication

Knowledge utility improves as processing and
understanding deepen.

Provide opportunities to reflect critically on learning
and to elaborate knowledge; encourage learnersto
articulate strategies prior to, during, and subsequent to
interacting with the environment.

Learning improves as the amount of invested mental
effort increases.

Embed activities that increase the perceived demand
characteristics of both the media and learning
activities.

Learning improves as competition for similar cognitive
resources decreases and declines as competition for the
Same resources increases.

Structure presentations and interactions to complement
cognitive processes and reduce the complexity of the
processing task.

Transfer improves when knowledgeis situated in
authentic contexts.

Anchor knowledge in realistic context and settings.

Knowledge flexibility increases as the number of
perspectives on a given topic increases and the conditional
nature of the knowledge is understood.

Provide methods that help learners acquire knowledge
from multiple perspectives and cross-reference
knowledge in multiple ways.

Knowledge of details improves asinstructional activities
are more explicit, while understanding improves as the
activities are more integrative.

Differentiate orienting activities for forthcoming
information based upon desired learning; provide
organizing activities for information already reviewed.

Feedback increases the likelihood of learning response-
relevant lesson content, and decreases the likelihood of
learning response -irrelevant lesson content.

Provide opportunities to respond and receive response-
differentiated feedback where critical information is
involved, but avoid excessive response focusing when
incidental learning is expected.

Shiftsin attention improve the learning of related
concepts.

Differentiate key terms, concepts, and principles
through cosmetic amplification, repetition, and
recasting.

Learners become confused and di soriented when procedures
are complex, insufficient, or inconsistent.

Provide clearly defined procedures for navigating
within the system and accessing on-line support.

Visual representations of lesson content and structure
improve the learner’ s awareness of both the conceptual
relationships and procedural requirements of alearning
system.

Provide concept maps to indicate the interrelationships
among concepts, and hypermaps to indicate the
location of the learner relative to other lesson
segments.

Individuals vary widely in their need for guidance.

Provide tactical, instructional, and procedural
stance.

L earning systems are most efficient when they adapt to
relevant individual differences.

Interactive multimedia must adapt dynamically to both
learner and content characteristics.

Metacognitive demands are greater for loosely structured
learning environments than for highly structured ones.

Provide prompts and self-check activitiesto aid the
learner in monitoring comprehension and adapting
individual learning strategies.

Learning isfacilitated when system features are
functionally self-evident , logically organized, easily
accessible, and readily deployed.

Employ screen design and procedural conventions that
require minimal cognitive resources, are familiar or
can be readily understood, and are consistent with
learning requirements.




Systems Approach to Training

Employing agood approach can significantly influence the effectiveness of instructional
systems. Theinstructional systems used in this study were created using a systems approach to
help ensure the behavioral objectives are addressed and the goals of the instructional training are
met. Hays (1992) states training system devel opment is often fragmented and less than optimally
successful because many individuals who influence training development lack atrue “systems”
approach.

The system approach to training (Dick and Carey, 1990; Gordon, 1994; Williges, 1995)
consists of three major phases: 1) specification of training requirements,

2) development of training content, and 3) evaluation of training effectiveness. This user-centered
design process places agreat deal of emphasis on the user (trainee or student) from the beginning.
Figure 2 shows a flowchart of the systems approach to training and interaction between system
elements. The systems approach to training is readily applicable to the devel opment of
instructiona systems for educationa use.

Components of a I

i Training System I ¢
|

Specification of | Evaluation of

Development of

Training Training Program Training

Requirement Effectiveness

Training
Needs
Training
Content
> | Training I
Objectives

Trainin
Methods

Formative
Evauation

Training
Program

Summative I'
Graduates > Evaluation

FIGURE 2 The systems approach to training
(adapted from Williges, 1995)



Soecification of Training Requirements - The specification of training requirements
includes work that should be performed before the instructional program is actually developed.
Thisincludes training needs assessment, resource analyses, and creation of functional
specifications. The functional specifications include training objectives comprised of goals of the
program and behavioral objectives. Each behaviora objective specifically describes the skill or
behavior to be learned, the conditions of performance, and acceptable performance criteria. The
conditions for performance for each objective will be to perform the objective as part of awritten
test without the use of reference materials (other than the ones mentioned for the problem-solving
section). The subjects are expected to perform each objective to the best of their ability. All three
instructional systems used in this study were based on the same set of behavioral objectives, found
in Table 2. These behavioral objectives were used as the basis for evaluation of the instruction.
Both the test for original learning and the test for retention were based on the behavioral objectives.
Dick and Carey (1990) point out that afair and equitable evaluation system based on behavioral
objectives offerstwo advantages: 1) the student’ s learning can be monitored, and 2) the
effectiveness of the instruction can be examined. The student’s learning was measured by the tests
taken by the subjects. The second advantage concerning instructional effectivenessis particularly
significant for this study since different instructional methods were compared.

Devel opment of training program - The devel opment of the training program includes
generating the design concept, initial system devel opment, formative evaluation and user testing,
full-scale development and final user testing. Generaly, the training/instructional methods are
selected by performing atrade-off analysis but for this study the instructional methods of text,
standard multimedia, and multimedia simulation

TABLE 2 Behaviora Objectives

Behavioral Objectives (verbal information skills)

Define atime standard.

Identify two reasons why time studies are performed.

[dentify how time standards are useful to a company.

Identify the four basic items of equipment necessary to perform atime study.

Identify the essential quality to look for when selecting an operator to observe for atime study.

When presented a blank Form 7 data sheet, identify the following sections: cellsfor listing job elements,
cellsfor recording elapsed times, and cells for recording net element times.

Identify the six basic steps involved in collecting the actual time data.

Identify the four basic stepsin calculating the time standard from the time data.

Identify how to determine the number of cyclesto observe when performing atime study.

oukwhpE

w [© N

ehavioral Objectives (intellectual skills)

10.  When presented a sample set of time data (on a Form 7), calculate the individual element times and record
them in the appropriate cells.

11.  When presented a sample set of time data (on a Form 7) and the corresponding individual element times,
identify any outliers among the individual element times.

12.  When presented a set of individua element times adjusted for outliers, calculate the average element time
for each individual element of the operation.

13. When presented a set of averaged individual element times adjusted for outliers, calculate the time standard.

were chosen as the basis for comparison. During this phase, the instructional program isiterated
to amore optimal design through formative evaluation using representative trainees, those that have
the same knowledge, skills, and abilities of the targeted trainee population. Formative evaluation
was performed on the text-based instruction and the standard multimedia. Two reviewers, one
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experienced multimedia devel oper and one student who had previoudly taken the Work Methods
course, examined these systems. The experimenter explained the purpose of the instructional
systems and was present during the evaluation to answer the evaluators questions and record
comments. The text-based instruction was judged to be well-organized and clear, thus no changes
were made. Some changes were made to the standard multimedia. The formulafor calculating the
elapsed element time was changed because the element name was dightly different and could have
caused confusion. Itemsthat appear on the screen were flashed at a dower rate to attract the user’s
attention. Other items changed were internal to the system, meaning the changes did not effect
what the user would see. Theseinterna changes were made to improve the maintainability of the
program. Limited formative evaluation was possible for the multimedia simulation instructional
system due to constraints.

Evaluation of Training Effectiveness - The evaluation of training effectivenessis performed
through formative evaluation and summative evaluation. The results of the formative evaluation
described previoudly were used to iterate the design of the multimediasimulation. The summative
evaluation performed for this study involves the comparison of the three instructional methods for
effects on learning, specifically examining original learning and retention. Summative evaluation
followsamorerigid experimental design than formative evaluation. The experimental design used
for this study is discussed in the Experimental Method section.

Comparisons of Multimedia to other Instructional Methods

Formal studies comprise asmall percentage of the abundance of information published
about multimedia. Several studies pertaining to the use of multimediafor education or instruction
have been performed, including Carrol and Mack, 1984; Egan, Remde, Landauer, Lochbaum, and
Gomez, 1989; Marchionini, 1990; Nichol, 1990; Shneiderman, 1987. Many of these studies
examine qualitative measures, some look at quantitative measures such as search time or navigation
errors. However, few studies have fully examined the ability of multimedia systems to transfer
knowledge or skillsto the learner (Bland and Liebowitz, 1995). There have been a small number
of studies comparing multimedia and hypermediato conventional instructional methods for
learning effects. Two studies that compare multimedia with other instructional methods for effects
on learning are Petitt (1994) and Au (1995).

Petitt (1994) compared text-based instruction to standard multimedia and a multimedia
system that simulated a mock industrial setting. Original learning was measured by means of a
post-test immediately following the review of the instructional material. The scores were recorded
and an analysis of variance (ANOVA) performed. Petitt (1994) found a significant effect for the
method of instruction. A Newman-Kuels post-hoc test determined the standard multimedia
instruction showed significantly better original learning than the text-based instruction. No
significant difference was found between the multimedia smulation and text-based as seen in
figure 3.

The text-based and standard multimedia system used in this study are essentially the same
asthose used by Petitt (1994). However, the multimedia simulation program has been
substantially changed to address problems identified, to provide a problem-solving context, and to
improve the interface design. The simulation multimedia used by Petitt (1994) employed an
elevator metaphor where different floorsin the mock industrial company corresponded to different
topics of the instructional material. For example, the third floor corresponded to the Stockroom
where the learner would find out about equipment to be used during atime study. Though the user
was prompted what “location” (floor) to go to and what information they would learn at that
“location”, no natural mapping seemed to exist between the floor name and information presented
at that floor. Thismadeit difficult for the learner to review a specific topic since they could not
remember how to access the information.
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FIGURE 3 Findings from Petitt (1994)

Other problems were identified by Petitt (1994) following the study. Subjectsfelt
compelled to pay attention to the storyline the simulation presented and devoted less cognitive
attention to the true instructional material concerning time study analysis. Petitt states the
simulation could be improved by providing learners with a problem that is challenging. The
simulation multimedia used in this study provides a problem the learner must address. The learner
attends a meeting in which a discussion about alarge order for faucets presents the learner with the
task of performing atime study so the customer can be given an estimate. This context is provided
to help motivate the learner and realize the real-world implications for the instructional material. In
contrast, while the simulation used by Petitt did provide afictitious setting it did not provide a
problem-solving context for the learner.

This study expands upon Petitt (1994) by providing a measure of retention in addition to a
measure of original learning. The simulation multimedia instructional method is a new
development effort that has not been examined for effects on learning. The results of the test for
original learning from this study are compared to Petitt (1994) to determine if the smulation
multimedia performed better.

A study by Au (1995) compared interactive multimedia, an e ectronic book, and plain text
versions of alesson on management support systems for effects on learning. The main content
and theme of the information were identical for all three transmission methods. The subjects were
undergraduate business students who were attending an introductory course in information
systems. Without prior notice, the students were told at the beginning of class they would take a
15 minute closed-book exam after reviewing material presented in one of the methods. In order to
increase the students incentive, bonus points were awarded depending on the score on the exam.
The multimedia group consisted of 33 subjects, the electronic book had 55, and the text version
138. (The number of subjectsin the computer-supported groups depended on the number of
computers available.) The subjects were given a maximum of one hour to study the material before
taking the multiple choice exam with 30 questions. Ten questions on the exam were theoretical and
presented astext in al three mediums (type I), ten questions on areas that had audio-visual
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representation in the multimedia systems but were presented by text in the other two systems (type
[1), and ten questions were to test if subjects were able to apply concept knowledge to other
situations (type I11). The dependent variable was the score of the exam, counting each type of
guestion separately.

The experiment Au (1995) used a 3x3x2 factoria design with the independent variables of
transmission method (multimedia, electronic book, and text), type of questions (typesl, 11, and
[11), and subject’ s score on the midterm exam that had been taken previously (high and low, with
high being over 69). To avoid problems with unequal sample sizes, thirty students were chosen
from each of the method groups. 15 from the high midterm score subclass and 15 from the low
midterm score subclass. Both the high and low midterm groups scored higher with the electronic
book than with other methods. The interactive multimedia system had significantly higher scores
than text only for the low midterm score group. The high midterm score group performed
significantly better than the low midterm score group across al transmission methods. However,
the difference between the high and low midterm score groups was twice as large for text-based
(14.29%) than for electronic book (6.66%) and interactive multimedia (5.63%). Au suggests that
using new mediums for knowledge delivery can potentially reduce the gaps between the
performance of students.

The subjects took a second exam aweek later to test retention of knowledge. Subjects
answered asimilar exam with 10 of the 30 questions replaced. Results from the second exam
indicated that average scores were higher for electronic book and multimedia groups than for the
text group. This suggests the subjects had better retention when the information was presented
using computer-based methods.

Simulation as an instructional method

Two reviews of literature on the use of simulation and games for educational purposes and
comparisons to more conventional instruction have been performed (Randel, Morris, Wetzel, and
Whitehill, 1992; Dempsey, Lucassen, Gilley, and Rasmussen, 1993). Some of the simulations
and games were computer-based and others were not.

Randel et a. (1992) reviewed 67 studies published over a 28 year period. Thirty-eight
studies showed no difference between games and conventional instruction, 22 favored games, 5
others favored games but their controls were considered questionable, and 3 favored conventional
methods. Many of these studies looked for differences immediately following instruction. This
would be considered a measure of original learning.

Randel et al. (1992) also examined studies for their findings on retention over time.
Fourteen studies measured retention by a delayed posttest performed 10 days to 8 weeks after
instruction. Ten (of the fourteen) studies showed a significant increase in retention for
simulation/games instruction compared to conventional instruction, whereas four found no
differencein retention. Of the ten studies showing significant increase in retention for simulation,
seven found no difference between groups at the immediate posttest. The indication that simulation
and games are better for retention over time is attributed to the students active participation and the
greater chance of information being integrated into the cognitive structure through active
participation. Interest was an additional factor examined by Randel et a. (1992). Students
reported more interest in ssimulation and game activities than in more conventional instruction
methodsin 12 of 14 studies. Randdl et al. (1992) suggested that the more interesting instruction is
to students, the more motivated the students are to learn.

The review of gamesin education and training performed by Dempsey et al. (1993) found
evidence that games may improve retention of what is learned. Twenty-two research reports
comparing simulation or games to conventional instruction were reviewed (some of which overlap
with studies reviewed by Randdl et al, 1992). For measures for immediate differences, three
studies showed significant immediate differencesin favor of smulation and games while the same
number (three) favored conventional methods. The magjority (15) of the studies found no
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immediate differences. However, eleven of the 22 studies assessed retention through a later
posttest. In eight (of eleven) studies, retention was found significantly better with smulation and
gaming, while three found no difference.

Summary

This study examines both original learning and retention components of learning. Original
learning is measured by means of atest administered at the completion of the instruction. This
measure allows a comparison of instructional methods immediately following the application of the
method. However, since several research studies (Au, 1995; Dempsey et a., 1993; Petitt, 1994,
Randel et al., 1992) have shown no differences between multimedia and text-based instructional
methods when measured immediately after completion of the instruction, more information was
needed to determine the effects of instructional methods on other components of learning. This
study therefore examines the effect of instructional method on retention as well as origina learning.
As pointed out, several studies (Au, 1995; Dempsey et al., 1993; Randel et al., 1992) showed no
differences when measuring for original learning, but in some cases showed higher retention of
material presented through the use of smulation. This study compares text, standard multimedia,
and multimedia simulation for origina learning and retention of material presented. It ispossible
that the more the multimediainvolves the learner as an active participant the more the learner may
retain of the information presented.
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EXPERIMENTAL METHOD

As previously explained, this study compares text-based instruction with two computer-
based multimedia systems; one standard and one ssmulation. The basis for comparison isthe
degree of original learning and retention. Original learning refersto the knowledge, skills, and
abilities (KSAS) the learner can exhibit at completion of the instruction. Retention refersto the
KSAsthe learner can exhibit at some timeinterval after instruction is completed.

Instructional Content

Theinstructional content covers Time Study Analysis, awork measurement technigque used
by industrial engineers. Thetopicisordinarily covered injunior level (third year) college courses.
The content of the instruction for this research, although not comprehensive, includes the definition
of atime study, reasons atime study is performed, basic equipment needed to perform atime
study, and data collection and analysis procedures.

The content of all three instructional methods is analogous. By minimizing differencesin
the content, there is a greater chance of finding the method of instruction that is more effectivein
terms of degree of origina learning and retention. The instructional content and wording in each
method are as similar as possible, only the presentation method is changed. The text handout and
standard multimedia consist only of instructional material. 1n the simulation multimedia, the
instructional material is preceded by avirtual meeting that creates a problem-solving context for the
learner.

Subjects

The subjects used for this experiment were 30 college undergraduate students enrolled in
Industrial and Systems Engineering (ISE) at VirginiaTech. Most subjects were from the
sophomore (second year) level, given the Work Methods course is generally offered during the
junior (third) year. Only students who had not previously taken Work Measurement and Methods
Engineering were considered since time study analysisis covered during that course. This choice
of subjects minimized individua differences with respect to prior knowledge. A screening
guestionnaire (see Appendix A) was used during the selection of subjects to ensure the subject is
enrolled in I SE and had not previously taken Work Methods or been exposed to concepts of time
study analysis. Ten subjects were randomly assigned to each treatment condition. Subjects were
paid $7.00 per hour for their participation in the experiment.

Experimental Design

The experimental design used a one factor between subjects design with two dependent
measures. The between subjects variable, Method of Instruction, consisted of three levels: text,
standard multimedia, and multimedia ssimulation. The dependent measures assessed two domains
of learning: verba information and intellectual skills. These domains of |earning were measured
through separate sections of the tests administered to the subjects. One test was taken by the
subjectsimmediately following the administration of the treatment to measure original learning. A
second test was administered two weeks later to measure retention. The effectiveness of each
Method of Instruction was compared for the two domains of learning using an analysis of variance
(ANOVA). A combined score of both measures was compared across the Method of Instruction.

Treatment Conditions

Three treatment conditions are used in this study: 1) text-based instruction, 2) standard
multimedia, and 3) smulation multimedia. Treatment Condition 1, the text-based instruction, is
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organized by main topics followed by detailed information. The four main topicsare: 1) an
introduction to time study analysis, 2) time study equipment, 3) collecting time data, and 4)
analyzing time data. Illustrations and tables are included to help the learner visualize and organize
information. Appendix B contains the text-based instructional material. The content for the
standard multimedia, Treatment Condition 2, is also organized by the four main topics listed
above. A button for each topic is present at all times so the learner can access that section of the
program. After atopic button is chosen, the instructional information for the chosen section is
presented in alarge window. More information about the section can then be accessed through the
use of a Next button, or the information can be reviewed by pressing the Replay button or the Back
button. A more detailed description of the standard multimedia treatment appearsin Appendix C.
Both the text-based instruction and the standard multimedia system are the same or very similar to
the ones used in the Petitt (1994) study, with only errors or bugs removed or fixed. The
simulation multimedia, however, was substantially changed to incorporate a new interface and to
avoid problems pointed out by Petitt (1994).

The ssimulation multimedia, Treatment Condition 3, represents amore active learning
environment than the standard multimedia or text-based instruction. The smulation involvesthe
learner by depicting aday on the job at afaucet manufacturing company. The learner attends a
meeting with other “peopl€e’ to discuss the need to perform atime study analysis. The learner then
accesses information from “books’ that cover the same topics as the text handout and standard
multimedia. Appendix D contains a more detailed description of the ssimulation multimedia system.
Again, theinstructional content of al three systemsisanalogous. The simulation multimedia
provides more context and involves the learner as an active participant.

Experimental Procedures

Informed Consent and Instructions - Upon arriving to the experiment, subjects completed
the informed consent form, found in Appendix E, and were given awritten explanation of the
experiment and its purpose, found in Appendix F. Subjects then completed the screening
guestionnaire to confirm they have not taken Work Methods and were not familiar with time study
analysis. After screening, subjects without prior knowledge of time studies were verbally
reminded that they would be tested at the end of the session and again two weeks following the
first session. The subjects goal was to maximize their scores on the post-tests by careful review
of the instructional content.

Assignment of Subjects to Treatment Groups - Subjects were assigned to treatment groups
randomly. Each of the thirty subjects were assigned a number from 1 to 30 through the use of a
random number generator. Subjects 1 through 10 were assigned to the Treatment Condition 1
(text), subjects 11 through 20 were assigned to Treatment Condition 2 (standard multimedia), and
subjects 21 through 30 were assigned to Treatment Condition 3 (multimediasimulation). Table 3
represents the experimental design with subject assignment to treatment conditions.
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TABLE 3 Experimenta Design with subject assignments

Instructiona Treatment Condition

Text Standard Simulation
] Multimedia Multimedia
Domain of

Learning S01 S06 | Sl1 S16 | S21 S26
S02 S07 | S12 S17 | S22 S27
Verbd S03 S08 | S13 S18 | S23 S28
Information | 5pg S09 | S14 S19 | S24 S29
S05 S10 | S15 S20 | S25 S30

o1 06| st si6 | s 6
2 o7 | Sz ST | s s
tehectd | 503 o8| s13 S18 | 523 28
S04  S09| S S19 | s 29
05 S0 SI5 S0 |25 S0

The subjects received the treatment they had been randomly assigned. The text-based
treatment group was provided a bare table to review the material. The multimedia treatment groups
were provided a Macintosh computer with a mouse to review the material. The experimenter was
available to answer questions about the treatment but did not provide assistance concerning the
material content. The subjects were told to review the instructional material to the degree they fedl
ready for the test. Subjects then asked the experimenter for the test to complete. Subjects were
provided a calculator, pencils, and tables containing information to assist in problem solving.

Upon completing the test for original learning, subjects scheduled atime for the test for retention
two weeks later. Following the second session, subjects were paid for their time and thanked for
their participation.

Tests for Measurement of Original Learning and Retention

Two tests, form A and form B, were used to measure learning outcomes. Form A is
provided in Appendix G and form B in Appendix H. Each test consists of two sections: section 1
tests the subjects verbal information abilities and section 2 tests subjects’ intellectual skills. The
verbal information section contains short answer, multiple choice, and/or ordering questions. The
intellectual skills section contains problemsto be solved. Inform A, questions 1 through 9 cover
verbal information and questions 10 through 12 cover intellectual skills. Inform B, questions 1
through 8 cover verbal information and questions 9 through 11 cover intellectual skills.

All test questions were based on the behaviora objectives to help ensure afair and equitable
evaluation system (Dick and Carey, 1990). The test forms both cover the same information but
ask questionsin adifferent format to help prevent a practice effect where the subjects memorize
answersto thefirst test as away to improve scores on the second test. For example, form A
contains a multiple choice question about the ordering of the stepsto analyzing time study data
while in form B subjects must number the steps. In addition, all numbers used in the problems are
different in form A than form B.

The degree of original learning was measured using a post-instructional test administered
immediately after theinstructional trestment. Retention was measured two weeks after the test for
original learning.

The two test forms were counterbalanced for each treatment group. Of the ten subjectsin
each group, five received form A and five received form B as the measure for original learning.
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The corresponding form was then be used as the measure of retention so each subject would take
both forms of the test.

Grading Guidelines for Post-Tests

An answer key for each test was developed prior to the administration of thetests. The
answer keys provide guidelines for assigning points to correct answers for each test question. The
answer key for form A isprovided in Appendix |. The answer key for form B is provided in
Appendix J.

Results from Pretesting

Four subjects were used in apilot test using the text-based instruction and the standard
multimediatreatment conditions. The simulation multimedia was undergoing evaluation and was
not used in pretesting. Results from the pretests show the verbal information scores were
significantly higher for the standard multimedia than for text-based instruction. No differences
were found in the problem solving or combined scores for the two treatments considered. Sincea
small number of subjects was used for pretesting, these results may be different from the actual
experiment.

No changes were made to the instructions or the instructional systems since the pilot
subjects did not suggest any changes were necessary. Pretesting provided the experimenter with
an opportunity to carry out the experimental protocol.
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RESULTS

Using the experimental method explained, data were collected from 30 subjects. Each
subject participated in two sessions. Thefirst session presented the treatment and measured
original learning for two domains of learning: verbal information and intellectual skills (problem-
solving). The measures were gathered by means of atest given to the subject after treatment. The
second session was held two weeks after the first session for each subject. The second session
measured retention for the same domains of learning by means of a second test. Different test
forms with changes in wording, problem-type, and numbers used in calculations were used for
each measure to help prevent a practice effect where subjects could memorize the answer from the
first test to use on the second test.

Raw Scoresfor Origina Learning and Retention

The tests were graded using the answer key guidelines developed prior to the
administration of the tests. Each domain of learning section was graded separately. An overal
average score for each test was also calculated. Table 4 shows the complete set of raw scores
arranged by treatment group. Each row of the data table represents a subject’ s scores for the two
Sessions.

TABLE 4 Raw Scoresfor Original Learning and Retention

Original Learning Retention

Treatment Verba Problems Overall Verba Problems Overall
Text 94 75 84.5 91 97 94
89 94 91.5 49 87 68
87 55 71 74 85 79.5
71 97 84 73 97 85
85 100 92.5 93 100 96.5
99 100 99.5 80 100 0
99 100 99.5 99 100 99.5
75 80 77.5 84 20 87
88 0 89 70 85 77.5
91 95 93 74 91 82.5
Standard MM 87 100 93.5 94 92 93
93 91 92 91 100 95.5
94 100 97 20 100 95
97 97 97 78 100 89
96 100 98 84 100 92
96 97 96.5 77 97 87
73 100 86.5 75 100 87.5
85 87 86 77 97 87
83 97 20 82 100 91
74 100 87 72 82 77
MM Simulation 78 100 89 71 100 85.5
96 97 96.5 91 100 95.5
94 20 92 88 100 94
87 100 93.5 80 100 20
93 100 96.5 85 95 0
84 100 92 70 100 85
69 77 73 61 70 65.5
58 97 77.5 69 94 81.5
72 77 74.5 71 85 78
74 97 85.5 76 75 75.5
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Means and Standard Deviations for Origina Learning and Retention

Means and standard deviations were calculated for the verbal information and problem-
solving (intellectua skills) sections as well as the overall test score. Table 5 shows the means for
the original learning and retention sessions of the experiment. Table 6 shows the standard

deviation by treatment method.

TABLES5 Meansfor Scores

Origina Learning Retention
Treatment Vebd | Problems| Overdl Vebd | Problems| Overdl
Text 87.8 88.6 88.2 78.7 93.2 85.95
Standard MM 87.8 96.9 92.35 82 96.8 89.4
MM Simulation 80.5 93.5 87 76.2 91.9 84.05
TABLE 6 Standard Deviations for Scores
Origind Learning Retention
Treatment Vebd | Problems| Overdl Vebd | Problems| Overdl
Text 9.163 14.607 9.129 14.268 6.286 9.576
Standard MM 8.979 4,483 4744 7.513 5.808 5.374
MM Simulation 12.439 9.204 8.954 9.578 11.328 9.215

Some interesting observations can be made from the mean and standard deviation
information. Overall, the scores were high for both the original learning and retention phases of
the experiment. The text-based treatment mean score for retention (score = 93.2) was higher than
the score for original learning (score = 88.6). The subjects receiving the text-based instruction
performed better on the problem-solving section at the retention phase of the experiment, two
weeks after reviewing the instruction, than at the origina learning phase, immediately following
the instruction. For the other treatments, the mean scores were lower for retention than for original
learning. The standard deviation for the standard multimedia treatment was aways lower than the
other treatment methods. This suggests the scores were more homogeneous for the standard
multimedia instructional method.

Analysis of Variance for Origina Learning

The datafor original learning were analyzed using analysis of variance (ANOVA) for each
domain of learning and for the overall score using an alphalevel of 0.05. Each domain of learning
was examined to determine if asignificant difference ininstructional method resulted. The overal
score was analyzed to see if asignificant difference resulted when examining the test score
including both domains of learning.

Table 7 shows the ANOVA table of the verba information section for original learning.
No significant differences between treatments were found for this section.
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TABLE 7 ANOVA of verbal information for original learning

Type Il Sums of Squares

Source

df Sum of Squares

Mean Square

F-Value P-Value

Instructional Method

2

355.267

177.633

1.669 .2073

Residual

27

2873.700

106.433

Dependent: OL - Verbal

Table 8 shows the ANOVA table of the problem solving section for original learning. No

significant differences between treatments were found for this section.

TABLE 8 ANOVA of problem solving section for original learning

Type Il Sums of Squares

Source

df Sum of Squares

Mean Square

F-Value P-Value

Instructional Method

2

348.200

174.100

1.641 .2124

Residual

27

2863.800

106.067

Dependent: OL - Prob Solv

The overall scoreis an average of the scores from the verbal information and problem-

solving sections of thetest. No significant differences were found for the overall score for origina

learning as seen in Table 9.

TABLE 9 ANOVA of overal scorefor original learning

Type Il Sums of Squares

Source df Sum of Squares  Mean Square F-Value P-Value
Instructional Method 2 157.617 78.808 1.271 .2968
Residual 27 1674.125 62.005

Dependent: OL - Total

Analysis of Variance for Retention

The datafor retention, like the datafor original learning, were analyzed using analysis of

variance (ANOVA) for each domain of learning and for the overall score using an aphalevel of

0.05. Each domain of learning was examined to determineif asignificant differencein

instructiona method resulted. The overall score was analyzed to seeif asignificant difference

resulted when examining the test score as awhole.
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Table 10 shows the ANOVA table of the problem solving section for retention. No

significant differences between treatments were found for this section.

TABLE 10 ANOVA of verba information section for retention

Type Il Sums of Squares

Source df Sum of Squares  Mean Square F-Value P-Value
Instructional Method 2 169.267 84.633 722 4950
Residual 27 3165.700 117.248

Dependent: Retention - Verbal

Table 11 shows the ANOV A table of the intellectual skills section for retention. No

significant differences between treatments were found for this section.

TABLE 11 ANOVA of problem solving section for retention

Type Il

Source

Sums of Squares

df Sum of Squares

Mean Square F-Value P-Value
Instructional Method 2 128.867 64.433 .959 .3960
Residual 27 1814.100 67.189
Dependent: Retention - Prob Solv

The overall scoreis an average of the scores from the verbal information and problem-
solving sections of the test. No significant differences were found for the overall score for

retention as seen in Table 12.

TABLE 12 ANOVA of overal scorefor retention

Type Il Sums of Squares

Source df Sum of Squares  Mean Square F-Value P-Value
Instructional Method 2 147.117 73.558 1.074 .3558
Residual 27 1849.350 68.494

Dependent: Retention - Total

No post-hoc tests were performed since the treatment main effect was not significant for
verbal information, problem solving, or combined scoresin either of the original learning or

retention phases of the experiment. In addition, the p-value for each ANOVA table shows that the
treatment effect would not be significant if the alphalevel was changed to 0.20.



Since no significant differences were found for the two major sections of the tests, finer
level analyses were performed to examine specific topics and questions. An analysiswas
performed to determine if any of the treatment groups performed better on questions from a
particular topic covered in the instructional material. No differences between the treatment groups
were found when examining the scores on questions from the four topics covered.

A question-by-question comparison for the three instructional methods did show
differences for an alphalevel of 0.20. During the origina learning session, three questions
showed differences: the labelling of the sections of the Form 7 (p = 0.1649) from the verbal
information section, and the calculation of an adjusted data set (p = 0.1818) and the calculation of
the time standard (p = 0.0666) from the intellectual skills section. The text group (mean = 9.6)
performed worse than the standard multimedia group (mean = 11.4) and multimedia simulation
group (mean = 11.4) on the labelling the Form 7 question which was worth 12 points. The
standard multimedia group (mean = 25) performed better than the text group (mean = 21) and the
multimedia simulation group (mean = 20) on the calculation of the adjusted data set question which
was worth 25 points. The text group (mean = 19) performed worse than the standard multimedia
group (mean = 24) and the multimedia simulation group (mean = 25) on the calculation of the time
standard question which was worth 25 points.

For the retention session, one question about the reasons for performing atime study
showed difference (p = 0.0806). The multimedia simulation group (mean = 6.2) performed worse
than the text group (mean = 8.4) and the standard multimedia group (mean = 9.3) for the time
study rationale question which was worth 12 points.

23



DISCUSSION

Thisresearch intended to discover if differences exist between three instructional methods:
text-based system (control) and two multimedia systems. It was hoped the data would show if
multimediainstructional systems resulted in superior learning. And, if the multimedia systems
were found to be superior, to determine how to design the multimedia interfaces to best convey
information to the learner.

Two different multimediainterfaces were compared: atopic-oriented system and arole-
playing ssimulation. Topic-oriented interfaces are fairly standard for multimedia, particularly
kiosks. The simulation multimedia aimed to provide a more active learning environment by
presenting the learner with a problem-solving context that would hopefully help them realize the
relevance of theinstructional material and retain it better.

The study examined original learning immediately following instruction and retention of
instructional material two weeks after instruction. A review of the literature indicated that previous
studies examining simulation and more traditional instructional methods such as text most often
showed no significant differences for measures taken immediately following instruction (origina
learning). In Randel et al. (1992), 38 of 67 studies showed no differences and 15 of 22 studies
reviewed by Dempsey et al.(1993) showed no differences for original learning. Some studies did
show significant differences between ssimulation and other instructional methods for retention. Ten
of 14 studiesin Randel et al. (1992) and 8 of 11 studies reviewed by Dempsey et al.(1993)
showed higher learning effects for simulation-based instruction.

The results of the original learning phase of the experiment showed no significant
differences between the instructional methods. Thisis consistent with the findings in the review of
the literature. However, it is not consistent with the findings of Petitt (1994), who found the
standard multimedia system resulted in significantly higher scores than the text-based method.
Since the subjects were taken from the same population (undergraduates in 1 SE) and the text-based
instruction and standard multimedia system used in this study were substantially the same asthe
one used by Petitt, this finding was not expected. It could be said that the novelty of multimedia
caused Petitt’ s subjects to pay closer attention to the instruction which resulted in higher scores.
Subjectsin this study may be more familiar with multimedia systems than those in Petitt’ s study
and therefore no novelty effect existed. However, the simulation multimedia system used by Petitt
was not found significantly different than the text-based treatment.

The results of the retention phase of the experiment showed no significant differences
between the instructional methods. Thisis not consistent with the findings in the review of
literature.

Multimediaand ssimulations may be more effective in certain contexts than others. As
pointed out in the publications reviewed in this study, up to 30 percent of people cannot visuaize a
concept from atext description (Wood, 1994). Multimedia can help illustrate ideas through the use
of media other than text; such as video and animation. In the multimediasystemsused in this
study, video was used to demonstrate an engineer performing atime study and a worker
assembling a part, and animation was used to show how pieces form a part. But, the topic of time
study analysisis afairly straightforward topic with few difficult-to-imagine concepts.

Topics where concepts are more difficult to imagine than the topic used in this experiment
might benefit more from multimedia presentation of information. Video and animation can
dynamically illustrate concepts, and audio can provide emphasis to help convey ideas. In
particular, concepts that cannot be naturally observed are likely to be difficult to imagine. An
example of adifficult to imagine concept that cannot be observed naturally (by the human eye) is
theatom. A text description of how e ectrons circle the nucleus may be hard to visualize. A smple
animation of an atom could show alearner more than atext description with static illustration.
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Contexts that require high use of one modality can be divided into different modalitiesto
help resource sharing. In acontext where the visual modality may be overloaded, using the
auditory modality in addition to the visual can aid user comprehension.

The multimedia systems used in this study attempt to maximize the benefits of multimedia
while minimizing the disadvantages. From direct observation of the subjects during the experiment
and subject feedback, it is believed that subjects did not suffer from disorientation or cognitive
overload. Many subjects did express a heightened interest in the multimedia systems as away of
presenting information. Motivation can have a effect on learning outcomes.

The smulation multimedia system used in this study presented a problem-solving context
for the learner to anchor the instruction in a meaningful environment. While the ssmulation
multimediadid not perform significantly better than the other methods, it did seem to provide the
subjects with a clear idea of how time studies can be used. The subjects in the ssimulation
multimedia treatment group gave detailed answers to the test question that asks how time standards
are useful to acompany. Other groups did not perform significantly worse on the test question,
but did not provide the same level detail compared with the ssmulation group. 1t isimportant to
convey how time studies are performed but it is also important to understand why and when they
are done.

While the multimedia systems were not shown as superior learning tools in this study, they
were also not shown as inferior onesin terms of the transfer knowledge or skills to the learner.
However, multimedia systems generally require a substantially greater level of effort to create
compared to text-based instruction. When taking into account the level of effort required to build
each instructional system, multimedia systems could be seen as more effort without benefit.
Careful comparisons need to be made that take into account many factors. If amultimedia system
isused for aperiod of time, theinitial cost may be more justified. Multimedia systems can be used
independently by students. No instructor timeisrequired. Over the course of several semesters,
the multimedia system can actually cost less than lecture instruction.

From the question-by question analyses, three questions showed significant differences
between treatment groups during the original learning phase and one question showed significant
differences between treatment groups during the retention phase. This may be the result of the
discrete nature of the points assigned to answers provided. No differences were found between
the treatment groups for the topics covered in the instructional material.

The tests used to measure subject performance consisted of a limited number of questions
for each domain of learning. The problem-solving section of the tests were comprised of four
guestions, each worth 25 points. The credit for each question was based on if the calculations
were performed correctly as well asthe final numerical answer. All subjects were encouraged to
show their work so that if an error was made, partial credit could still be awarded for the proper
procedure. Some subjects did not show their work on the problems and thus, no partial credit
could be awarded. This helps explain why subjectsin the text treatment performed better on the
retention phase of the experiment than the origina learning phase. A test with more questions and
increased difficulty would be a more sensitive measure to show differences between the
instructional methods.

Future research

This study looked for differencesin instructional methods by measuring subjects
performance on tests following instruction. No basis for comparison of subjects was collected
prior to the experiment. Asin Au (1995), separating the data into groups by some prior intellectua
measure may show more information. The data could be analyzed to seeif typically low
performers show scores closer to high performers for multimedia systems when compared with
text. Thiswould suggest the reduced reliance on reading comprehension for multimedia
instruction systems helped the low performersimprove their scores.
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The original learning and retention components of learning were examined in this research.
Transfer of training is another component of learning that deserves consideration. Transfer refers
to the degree to which the learner can exhibit the knowledge, skills, and abilities learned to areal
world situation. It is possible that simulation-based training would lead to a higher degree of
transfer of training when compared to other methods since simulation placesthe learner in area
world situation during learning.

Information about subject preference for a particular method could be collected. Subjects
may prefer learning using multimedia systems more than text-based instruction. While preference
aloneis not necessarily ajustification for multimediainstruction, subjective measures may provide
more insight for the comparison of multimediawith other instructional methods and the design of
multimediainterfaces.

The Internet is become a very popular means of delivering instructional material. To date,
the mgjority of the content delivered over the Internet has been non-interactive hypertext with
limited graphics (images). Advancesin technology now allow interactive multimedia content to be
delivered over the Internet. A study funded by SUCCEED will compare the topic-based
multimedia system used in this study with an Internet-based system that delivers analogous
content. Shockwave is being used to convert the multimedia system into Internet-deliverable
content.

During the experiment, the subjects often reviewed the material more than once. Some of
the topics covered consisted of several sections. For example, the topic of collecting time data
consists of five sections. Two subjectsin the standard multimedia group noted that it would be
nice to have away to skip to the latter sections of atopic. No changes were made during the
course of the experiment in order to prevent problems with validity. These comments should be
taken into consideration during future research.

Multimediaallowsfor ainfinite variety of interface designs. More research into the
optimum display modalities for information needs to be performed in order to use multimediato its
maximum advantage. While the ssmulation multimedia program did not perform significantly
better in this study, more information on the use of simulations as an instructiona method would
be helpful to instructional designers. Research to determine what, if any, contexts are more
adaptable to multimedia and simulation methods needs to be performed.
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CONCLUSIONS

Multimedia systems are becoming more prevalent in education and training. The advances
in multimediatechnology allow information to be presented in unlimited variety of choices, aswell
as provide interactivity for the user. The introduction of multimediatechnology aloneis not
enough to improve learning; multimedia design isimportant. The most effective media
combinations should be used to convey information.

The god of this research was to compare atraditional text-based instructional system with a
standard topic-oriented multimedia system and arole-playing simulation multimedia system. No
significant differences were found between the three instructional methods for verbal information
and intellectua skills domains of learning during the original learning or retention phases of the
experiment. This makesit clear that smply presenting information in amultimedia format does not
necessary improve learning over other more traditional formats.

More research needs to be performed to determine if multimediaistruly a superior learning
format. The most effective ways to present multimediainformation needs to be explored.
Research is still in the early stages for determining the optimum display modalitiesto aid learning.
The contexts in which multimedia can best illustrate concepts and therefore make the largest
contribution have yet to be identified. The different components of learning need to be examined.
Many studies have focused on original learning, but retention and transfer of training should also
be analyzed.

Multimediais a breakthrough in technology. It isimportant to ensure multimedia systems
work effectively in terms of transferring knowledge to the user. Thisisespecialy trueif the
multimedia systems are to replace existing forms of instruction.
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Subject Screening Questionnaire

Areyou an undergraduate Industrial and Systems Engineering student? (If no, please list magjor
and level)

Have you ever taken a course in or had experience with work methods engineering or other related
principles? (If yes, please elaborate)

Have you ever had exposure to or experience with performing time studies? (If yes, please
elaborate)

Thank you.
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Appendix B

Text-based I nstructional Treatment
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Selected Principles and Procedures of Time Study Analysis

Introduction to Time Study Analysis

A time study is awork measurement technique used by industrial engineers. It usually requiresthe
engineer (that's you) to observe aworker or workers performing some operation and collect time
data. There are two basic reasons that time studies are performed:

1. Performing atime study establishes atime standard. A time standard isaformal
determination of the amount of time it takes to perform atask or operation when that job is
performed by a normal operator working at a normal pace. Efficient manufacturing
involves many activities, such as production scheduling or cost estimating, for which
knowing time standards can be very useful.

2. Performing atime study alows the you to examine the time it takes to complete each
element of atask or operation. Most manufacturing tasks or operations require multiple
steps, or "elements.” If any one element takes much longer to compl ete than the other
elements, then the operation is not being done very efficiently. During atime study you
make arecord of how long it takes to complete each element of the task so that you can
determine if any elements are taking too long. Once the inefficient elements have been
discovered, you can make changes to the operation to improve its efficiency.

Time Study Equipment

A time study is a measurement technique that involves observing aworker and recording time data.
There are four basic items of equipment that you must have to properly record time data:

1. Astopwatch. They are acommon, efficient means of timing an event, and they are smple
to understand and operate.

2. AForm7 record sheet. The Form 7 isastandard dataform that is specifically designed to
be used intime studies. It allowsyou to list al the elements of the operation and record the
elapsed time (from the stopwatch) as each element is completed. Once the data collection is
finished, you can also record the net time for each element on the Form 7.

3. Atimestudy board Thisisrealy just afancy version of aclipboard. Itisdesigned to
hold the stopwatch and the Form 7 data sheet.

4. Apencil. Youll need something to record the time datawith. A pencil should be used in
case you make errors and need to erase.



Collecting Time Data

Time studies are performed to establish time standards and to examine specific operational
elements. The key to both of these functionsisraw time data. To see how to collect time data,
let'slook at an example. Suppose you wanted to perform atime study of aworker assembling a
simple faucet. There are six basic stepsinvolved in collecting time data:

Step 1 Select an operator to observe. Usually in a manufacturing setting there are many workers
performing the same job concurrently, and you must choose only one for data collection.
The operator you choose should work at an average pace, neither too fast or too slow.
Recall that one reason for doing atime study is to establish atime standard for an
operation, and atime standard is a declaration of how long the operation takes the average
worker to complete working at a normal pace.

Step 2 Familiarize yourself with the job. Before you record any time data, it's essential that you
watch the worker assemble afew faucets so that you are completely familiar with exactly
how he or she does and so that you'll have arough estimate of the overall cycle time (how
long it takes to assembl e the faucet from start to finish).

Step 3 Break down the operation into elements. Like most operations, the assembly of the faucet
requires severa different steps. This blueprint of the faucet showsiits different pieces and
how they go together.

I
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For this example, let's assume you have divided the faucet assembly operation into the
following elements:

Element 1: Join valve assembly to pipe junction fixture
Element 2. Attach valve assembly securing header
Element 3: Attach valve actuating handle

Element 4: Insert fastening screw

Element 5: Tighten fastening screw

Step 4 List the elements on the Form 7 for data recording, like this:

Fonm 7 Cycle
4 5

B F |E = F|R

N

1
Element [F~F R
Join valve 1o pipa
Attach valve assy header
Attach valve handle
Insert fastening screw
Tighten lastening scréw

ANAA M-

ANV
A

Y
ANV

L
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Step 5 Determine the number of operational cyclesto observe. When the worker completely assembles
one faucet, he or she has performed one cycle of the operation. To make sure your results are
accurate, you must observe and collect time data for anumber of cycles. There are set standards
for how many cycles should be observed depending on your estimate of the overall cycle time
(from Step 2). Thistable shows exactly how to select the number of cyclesto observe based on
the overal cycle time estimate. For example, if the faucet assembly operation takes about 30
seconds (or 0.5 minutes) then you should observe and collect time data for at |east 60 assembly

cycles.
TABLE 14-2
Cycle time in Recommended number
minutes of cycles
018 s s s v s nasaswv e v @ ¥ e 5 200
1 Y e LY 100
OiS0c0cs 5555 % m v ms o s s e s s s 60
e 40
1OO. . .o oo 30
200. . . .. e 20
200- 5.00. . ...... . . ..., 15
SIOPET000 0 ¢ HAEETE e s e wrh 10
10.00-20.00. . . ... .. .. .. 8
20004000, . . ... 5
40.00-above. . . . .. ... ... 3

Source: Information taken from the Time Study Manual of the Erie
Works of the General Electric Company, developed under the guid-
ance of Albert E. Shaw, manager of wage administration.

Step 6 Recordtimedata. Instruct the worker to begin assembling faucets and start the stopwatch.
Asthe worker completes each element, note the elapsed time shown by the stopwatch and
record it in the appropriate cell on the Form 7. Note that each cell in the Form 7 isdivided
into two parts, labeled "R" and "F." The"R" portion is where you should record the
elapsed time during the data collection; the "F* portion will be used later. Y our data might
look like this as you go along:

Form 7 Cycle
1 z 3 4 5 & 7z
Element BF R wF R F R F R ~F R ~F R
Join valve to pipe 4 102

Attach valve headear 13 121

Attach valve handle 21 150
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Analyzing Time Data

Once you have collected all the time data you need, you must perform some calculations to

determine each individual element time and the overall time standard for the faucet assembly
operation. Thisinvolvesfour basic steps:

Step 1 Calculate theindividual element times. To do this, subtract the elapsed time of the
preceding element from the el apsed time of the element in question. Then record each

element time in the corresponding "F" cell onthe Form 7. The figure below illustrates how
these calculations are performed and recorded.

Form 7 Cycle

Element R~.F
Join valve to pipe 44
Attach valve header |13 =~9 |74 11
Attach valve handle |21 ~-.B

Insert fastening screw |40™19{30~2]

Tighten fastening screw

Step 2 Adjust the data set by identifying outliers and discarding them. An "outlier” is a data point
that is so different from the othersthat it could skew the statistical results. To make sure
your results are accurate, you should identify outliersin your time data and discard them.
To do thisyou use asmple statistical test called the Dixon Test.

The Dixon Test is atechnique for examining the individual element times you calculated in
Step 1. To see how to perform thistest, let's go back to our example.
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Let'stest the data for the second element, "Attach valve assembly securing header." For
this example, let's assume that you observed six cycles of the assembly operation.

Attach valve header  [137™3 7401 apq 10 g1 50521 352

Taketheindividual element timesand list them in ascending order from smallest to largest.

Element: Alach valve header
Element Times {ascending order): 9 9 10 11 11 21

Begin by looking at the highest and lowest values on your list. Do any look out of place?
In this case, the value 21 definitely seemslike it doesn't fit. You must determineif 21 isan
outlier (if it is, you should discard it from the time data set). To do this, first consult the
Dixon Table. It tellsyou the formulaand apharisk value to use.

The Dixon Table

Humber of i
Cycles Observed Alpha Risk(.09) Formula to Use
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Y ou use the formulato calculate a Dixon vaue (for the data point 21). Then you compare
the Dixon value to the alpharisk value you got from the Dixon Table. If the Dixon value
you calculated is equal to or greater than the Table value, you should conclude that 21 is an
outlier and discard it from the data.

Humber of

Cycles Observed Alpha Risk(.05) Formula to Use
X-X
6 560 h—f
:":I'I- :":I
The Dixon Test
X-X %
0 Moy o 21- 11 833 833 > .560

X-¥X  21-19

Conclusion: 21 is an outlier
h Throw it out!

Y ou should continue performing this test on each element time. Remember, you listed the
element times in ascending order. So as soon as you discover that a data point is not an
outlier, you can stop.

Step 3 Calculate the averagetime for each element. Y ou have eliminated all outliers from the data;

from the remaining data points, compute the average time for each element. Y ou should
examine these averagesto seeif there are any elements that take much longer than the
others. If so, the operation is probably not as efficient asit could be, and you might look
for waysto improveit.

-

Sum of Element Times: (Unscrew old bulk) 9+9+10+11+11 =50

Averafe Element Time: (Linscrew oldbul)  s0f8=10.0
Averaged Element Times: (Other 4 Elements) 12.2,14.0, 7.8, 9.4
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Step 4 Calculate thetime standard. To do this, smply add the average element time for all the
elements. Thistime value can now be used as a standard for use in avariety of tasks that
are essential to the success of any company.

Averafge Cycle Time = 12.2+14+7.8+9.4+10 = 534

Time Standard for Operation: 53.4 sec
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Appendix C

Description of Standard Multimedia

42



Instructional Treatment 2: Standard Multimedia

Thisis adetailed description of the design and layout of instructional treatment 2 (Standard
Multimedia). Like the text-based control condition, the program is organized into four main topics:
(2) Introduction to Time Study Analysis, (2) Time Study Equipment, (3) Collecting Time Data,
and (4) Analyzing Time Data. Global buttons (always available) on the screen alow the learner to
select any of these topic areas at any time. This affords the learner easy navigation and
backtracking.

In each topic area there is more information presented than can be displayed on the screen
simultaneously. To accommodate this, learners are provided Next and Back buttonsto allow them
to flip forward or backward between screens of information. There is also a button located between
the Next and Back buttons that gave learners control of replaying the sound and/or video/animation
segment presented in each screen.

The narrator’ s voice is synchronized with information that appears on the screen. Each screenis
explained in terms of what is spoken and what information is displayed.

Figure 4 below shows atypical screen of information and the universal interface layout.

Analyzing Time Data

Average Element Time Calculations

Introduction Element: attach valve
Times: = 2 10 11 11

Average Element Time: 2+3+10+11+11 = 100
5

Time Study
Equipment Other Averaged Element Times:

join valve £5 ingert screw 241
atach handle 4.9 tighten screw 2.4

6 Collecting
Time Data

4 Steps in Analyzing Time Data: I

Analyzing

lime Data . Compute individual Ad justing for Dutliers (Dixon Test)

element times 1. List element times in
ascending order

2. For suspicious data points,
consult the Dixon Table

3. Compute Dizon value and
compare to tabled value.
If data point is an outlier,
THROLW IT OUT!

- Adjust data for outliers-

. Compute average time
for each element

[ 4 Back ][ o]il Replay ][ Next B ]

FIGURE 4 Standard Multimedia Interface
The program begins by presenting the interface without the four topic area buttons.

Narrator Voice: "Welcometo areview of Time Study Analysis. These are the four topics you
must learn. To select atopic, click on its button.

Display: buttons appear (synchronized with voice message)
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Topic 1. Introduction to Time Study Analysis

Narrator Voice: "A time study isawork measurement technique used by industrial engineers.
It usually requires the engineer (that's you) to observe aworker or workers performing some
operation and collect time data. There are two basic reasons that time studies are performed:"

Video: Video clip of I.E. collecting time data
[next screen]

Narrator Voice: "Performing atime study establishes atime standard. A time standardisa
formal determination of the amount of time it takesto perform atask or operation when that job is
performed by a normal operator working at a normal pace. Efficient manufacturing involves many
activities, such as production scheduling or cost estimating, for which knowing time standards can
be very useful.”

Display: Text bullet reinforcing voice message
[next screen]

Narrator Voice: "Performing atime study allowsthe you to examine the time it takes to
complete each element of atask or operation. Most manufacturing tasks or operations require
multiple steps, or "elements.” If any one element takes much longer to complete than the other
elements, then the operation is not being done very efficiently. During atime study you make a
record of how long it takes to complete each element of the task so that you can determine if any
elements are taking too long. Once the inefficient elements have been discovered, you can make
changes to the operation to improve its efficiency.”

Display: Text bullet (located below first bullet on same screen) reinforcing voice message

Topic 2: Time Study Equipment

Narrator Voice: "A time study isameasurement technique that involves observing aworker
and recording time data. There are four basic items of equipment that you must have to properly
record time data."

[next screen]

Narrator Voice: "A stopwatch. They are acommon, efficient means of timing an event, and
they are simple to understand and operate.”

Display: Text bullet reinforcing voice message, alongside small image of stopwatch.
[next screen]

Narrator Voice: "A Form 7 record sheet. The Form 7 isastandard dataform that is
specifically designed to be used in time studies. It allowsyouto list al the elements of the

operation and record the elapsed time (from the stopwatch) as each element is completed. Once the
data collection is finished, you can a so record the net time for each element on the Form 7."



Display: Text bullet reinforcing voice message, alongside small image of Form 7.
[next screen]

Narrator Voice: "A timestudy Board. Thisisredly just afancy version of aclipboard. Itis
designed to hold the stopwatch and the Form 7 data sheet.”

Display: Text bullet reinforcing voice message, alongside small image of time study board.
[next screen]

Narrator Voice: "A pencil. You'll need something to record the time datawith. A pencil
should be used in case you make errors and need to erase.”

Display: Text bullet reinforcing voice message, alongside small image of pencil.

Topic 3: Collecting Time Data

Narrator Voice: "Time studies are performed to establish time standards and to examine
specific operational elements. The key to both of these functionsisraw time data. To see how to
collect time data, let'slook at an example. Suppose you wanted to perform atime study of a
worker assembling asimple faucet. There are six basic stepsinvolved in collecting time data.”

Display: till picture of assembled faucet
[next screen]

Narrator Voice: "Step 1: Select an operator to observe. Usually in amanufacturing setting
there are many workers performing the same job concurrently, and you must choose only one for
data collection. The operator you choose should work at an average pace, neither too fast or too
dow. Recall that one reason for doing atime study is to establish atime standard for an operation,
and atime standard is a declaration of how long the operation takes the average worker to complete
working at anormal pace.”

Display: video clip of several workersworking simultaneously. Also list step in bulleted text in
upper left corner of presentation area.

[next screen]

Narrator Voice: "Step 2: Familiarize yourself with the job. Before you record any time data,
it's essentia that you watch the worker assemble afew faucets so that you are completely familiar
with exactly how he or she does and so that you'll have arough estimate of the overall cycle time
(how long it takes to assembl e the faucet from start to finish)."

Display: video clip of hands assembling faucet. Also list step in bulleted text in upper left corner
of presentation area.

[next screen]
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Narrator Voice: "Step 3: Break down the operation into elements. Like most operations, the
assembly of the faucet requires severa different steps. This blueprint of the faucet showsits
different pieces and how they go together.

Display: Animation of blueprint with pieces assembling themselves. Also list step in bulleted
text in upper left corner of presentation area.

[next screen]

Narrator Voice: "For thisexample, let's assume you have divided the faucet assembly
operation into the following elements. Element 1. Join valve assembly to pipe junction fixture.
Element 2. Attach valve assembly securing header. Element 3: Attach valve actuating handle.
Element 4: Insert fastening screw. Element 5. Tighten fastening screw.”

Display: Bulleted text reinforcing voice message. Also list step in bulleted text in upper left
corner of presentation area.

[next screen]
Narrator Voice: "Step 4: List the elements on the Form 7 for data recording, like this.”

Display: Animation of elementslisting themselves on ablank Form 7. Also list step in bulleted
text in upper left corner of presentation area.

[next screen]

Narrator Voice: "Step5: Determine the number of operational cyclesto observe. When the
worker completely assembles one faucet, he or she has performed one cycle of the operation. To
make sure your results are accurate, you must observe and collect time data for anumber of cycles.
There are set standards for how many cycles should be observed depending on your estimate of the
overall cycletime (from Step 2). This table shows exactly how to select the number of cyclesto
observe based on the overall cycle time estimate. For example, if the faucet assembly operation
takes about 30 seconds (or 0.5 minutes) then you should observe and collect time data for at least
60 assembly cycles."

Display: Image of cycles-to-observe with animation of cycle choice of 60 cyclesfor .5 minutes
highlighting itself. Also list step in bulleted text in upper left corner of presentation area.

[next screen]

Narrator Voice: "Step 6: Record timedata. Instruct the worker to begin assembling faucets
and start the stopwatch. Asthe worker completes each element, note the elapsed time shown by
the stopwatch and record it in the appropriate cell on the Form 7. Note that each cell in the Form 7
isdivided into two parts, labeled "R" and "F." The"R" portion is where you should record the
elapsed time during the data collection; the "F" portion will be used later. Y our data might look
like this as you go along:

Display: Video of faucet being assembled. Below that there will be a Form 7 with time data

recording itself in the appropriate cells as each element isfinished in the video segment. Also list
step in bulleted text in upper left corner of presentation area.
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Topic 4: Analyzing Time Data

Narrator Voice: "Onceyou have collected al the time data you need, you must perform some
calculations to determine each individua element time and the overall time standard for the faucet
assembly operation. Thisinvolves three basic steps.”

[next screen]

Narrator Voice: "Step 1: Calculate the individua element times. To do this, subtract the
elapsed time of the preceding element from the elapsed time of the element in question. Then
record each element time in the corresponding "F" cell on the Form 7. The figure below illustrates
how these calculations are performed and recorded.”

Display: Elapsed times on Form 7 flash and subtraction is performed and displayed in a window
adjacent to Form 7. Also list step in bulleted text in upper left corner of presentation area.

[next screen]

Narrator Voice: "Step 2: Adjust the data set by identifying outliers and discarding them. An
"outlier" isadata point that is so different from the othersthat it could skew the statistical results.
To make sure your results are accurate, you should identify outliersin your time data and discard
them. To dothisyou use asimple statistical test called the Dixon Test. The Dixon Testisa
technique for examining the individual element times you calculated in Step 1. To see how to
perform thistest, let's go back to our example. Let'stest the datafor the second element, 'Attach
valve assembly securing header.'" For this example, let's assume that you observed six cycles of
the assembly operation. Take theindividua element times and list them in ascending order from
smallest to largest.”

Display: Element timesfor "attach valve assembly header" move down off sheet and re-order
themselves in ascending order on an adjacent sheet. Also list step in bulleted text in upper left
corner of presentation area.

[next screen]

Narrator Voice: "Begin by looking at the highest and lowest values on your list. Do any look
out of place? In this case, the value 21 definitely seemslike it doesn't fit. Y ou must determine if

21 isanoutlier (if it is, you should discard it from the time data set). To do this, first consult the

Dixon Table. It tellsyou the formulaand critical valueto use.”

Display: Dixon table appears and values and formulas to use highlight themselves (synched with
audio).

[next screen]
Narrator Voice: "You usetheformulato caculate a Dixon value (for the data point 21). Then
you compare the Dixon value to the apharisk value you got from the Dixon Table. If the Dixon

value you calculated is equal to or greater than the Table value, you should conclude that 21 isan
outlier and discard it from the data.”
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Display: Animation of Dixon value calculations appears (synched with audio).
[next screen]

Narrator Voice: "You should continue performing thistest on each element time. Remember,
you listed the element times in ascending order. So as soon as you discover that a data point is not
an outlier, you can stop.”

[next screen]

Narrator Voice: "Step 3: Caculate the average time for each element. Y ou have eliminated all
outliers from the data; from the remaining data points, compute the average time for each element.

Y ou should examine these averages to see if there are any elements that take much longer than the
others. If so, the operation is probably not as efficient as it could be, and you might look for ways
to improveit."

Display: Animation of sample calculations. Also list step in bulleted text in upper left corner of
presentation area.

[next screen]

Narrator Voice: "Step 4: Calculate the time standard. To do this, simply add the average
element timefor al the elements. Thistime value can now be used as astandard for usein a
variety of tasksthat are essential to the success of any company.”

Display: Animation of sample calculations. Also list step in bulleted text in upper left corner of
presentation area.
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Appendix D

Description of Multimedia Simulation
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Instructional Treatment 3: Multimedia Simulation

Thisis adetailed description of the design and layout of instructional treatment 3 (Multimedia
Simulation). The simulation involves the learner by depicting aday on thejob at aindustrial
manufacturing company, the ACME faucet company. The learner attends a meeting with other
“peopl€e’ to discuss the need to perform atime study analysisfor a particular faucet assembly. The
learner then accesses information from “books’ to learn more about time studies, the equipment
needed, and how to collect and analyze time data. The simulation multimedia uses aguide to help
the learner with navigation and provide information to the learner.

At the beginning of the program, the guide explains the user’ s role in the program, the sections of
the program, and the use of buttons appearing on the screen. For example, the Menu button
allows the user to switch between the two major sections of the program: the meeting and the
bookshelf.

Guide: These arethe other people attending the meeting. Y ou can get a brief introduction to any
of thesefolksif you like, and whenever you're ready you can start the meeting.

(pictures of the people of the meeting appear. The other people are:

Al: vice-president of manufacturing

Russ. head of production control

Diane: senior sales manager

Fred: assembly supervisor

Roy: assembler)

Figure 5 shows the other people at meeting:

I_é‘ Time Study Analysis

F g Al Bartley

froduction

fred Ostenman

frtroduction

Sizfus:  The Morming Meefing - The Fiayers

FIGURE 5 Virtua meeting interface for smulation multimedia
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Guide: “During the meeting, one person will speak at atime. After aperson has finished
speaking, you can hear them repeat what was said or you can keep the meeting rolling along.”

(Each person’ s picture lights up when they are speaking.)

Al: “Good morning everyone. Hope you all had a nice weekend. We've got a small
manufacturing problem to tackle today. We need to get some detailed information on the assembly
of one of our special faucets.”

Diane: “That'sright Al. Weve gotten a specia order for part 776-A from one of our best
customers. They need 10,000 of them and we need to get them a quote on the price as soon as
possible.”

Russ: “Just to refresh your memories, part no. 776-A is an older faucet that we only produce to
fill specia orders. The last time we produced arun of these faucets the assembly required took a
long time because there were many separate components. Once we got this new order, our
engineers revised the design and now it requires fewer components so it shouldn't take as much
time to assemble each piece.”

Fred: “My department on the factory floor has assembled most of the 776-A in the past. And
well be handling this order aswell. Roy here is one of the guys who assembled that part the last
time we had an order for them.”

Roy: “I worked in assembly during the last order and became real familiar with how to build the
776-A. Me and Fred have gone over the new design and | think | really know the new assembly
procedure well.”

Al: “Ok, so what we need is some data on this new assemble procedure. If we can get atime
standard on it, we can estimate production run time, manufacturing costs, and hopefully we'll be
able to give our customer afair and accurate quote.”

Guide: “Al now turns and addresses you specifically.”

Al: “I'dlikeyou to bein charge of determining the time standard for this assembly procedure.
Don't worry about whatever else you have to do today. With your background this should be right
up your aley. Doing atime study of the assembly operation is probably the best way to find out
the standard. Let me know when you've got an answer. Ok folks, that's all, thanks for coming.”

Guide: “Themeeting adjourns. Asyou have just heard, Al hasinstructed you to perform atime
study on the new assemble operation of part 776-A. If you are still alittle rusty or even totally
unfamiliar with how to perform atime study, don't worry about it, back in your office you've got
acollection of books that cover all aspects of time study analysis.”
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The learner now returns to his’her office and views the bookshelf as seen in Figure 6.

I_é’ Time Study Analysis
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Sirfus: Select a hook from the hookshelf

FIGURE 6 Bookshelf metaphor for ssimulation multimediainstruction

Book 1: Introduction to Time Study Analysis

Guide: "A time study isawork measurement technique used by industrial engineers. It usualy
requires the engineer (that's you) to observe aworker or workers performing some operation and
collect timedata. There are two basic reasons that time studies are performed:”

Video: Video clip of I.E. collecting time data

[next screen]

Guide: "Performing atime study establishes atime standard. A time standard isaformal
determination of the amount of time it takesto perform atask or operation when that job is
performed by a normal operator working at a normal pace. Efficient manufacturing involves many
activities, such as production scheduling or cost estimating, for which knowing time standards can
be very useful ."

Display: Text bullet reinforcing voice message
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[next screen]

Guide: "Performing atime study allows the you to examine the time it takes to complete each
element of atask or operation. Most manufacturing tasks or operations require multiple steps, or
"elements.” If any one element takes much longer to complete than the other elements, then the
operation is not being done very efficiently. During atime study you make arecord of how long it
takes to complete each element of the task so that you can determine if any elements are taking too
long. Once the inefficient e ements have been discovered, you can make changes to the operation
to improveits efficiency.”

Display: Text bullet (located below first bullet on same screen) reinforcing voice message

Book 2: Time Study Equipment

Guide: "A time study isameasurement technique that involves observing aworker and
recording time data. There are four basic items of equipment that you must have to properly record
time data."

[next screen]

Guide: "A stopwatch. They are acommon, efficient means of timing an event, and they are
simple to understand and operate.”

Display: Text bullet reinforcing voice message, aongside small image of stopwatch.

[next screen]

Guide: "A Form 7 record sheet. The Form 7 isastandard data form that is specifically designed
to beused in time studies. It alowsyou to list al the elements of the operation and record the
elapsed time (from the stopwatch) as each element is completed. Once the data collectionis
finished, you can also record the net time for each element on the Form 7."

Display: Text bullet reinforcing voice message, aongside small image of Form 7.

[next screen]

Guide: "A timestudy Board. Thisisreally just afancy version of aclipboard. It isdesigned to
hold the stopwatch and the Form 7 data sheet."

Display: Text bullet reinforcing voice message, alongside small image of time study board.
[next screen]

Guide: "A pencil. You'll need something to record the time datawith. A pencil should be used
in case you make errors and need to erase.”

Display: Text bullet reinforcing voice message, alongside small image of pencil.

Book 3: Collecting Time Data
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Guide: "Time studies are performed to establish time standards and to examine specific
operational elements. The key to both of these functionsis raw time data. To see how to collect
time data, let'slook at an example. Suppose you wanted to perform atime study of aworker
assembling asimple faucet. There are six basic stepsinvolved in collecting time data.”

Display: dill picture of assembled faucet
[next screen]

Guide: "Step 1. Select an operator to observe. Usually in amanufacturing setting there are many
workers performing the same job concurrently, and you must choose only one for data collection.
The operator you choose should work at an average pace, neither too fast or too sow. Recall that
one reason for doing atime study isto establish atime standard for an operation, and atime
standard is adeclaration of how long the operation takes the average worker to complete working
at anormal pace.”

Display: video clip of several workersworking simultaneously. Also list step in bulleted text in
upper left corner of presentation area.

[next screen]

Guide: "Step 2: Familiarize yourself with the job. Before you record any time data, it's essential
that you watch the worker assemble afew faucets so that you are completely familiar with exactly
how he or she does and so that you'll have arough estimate of the overall cycletime (how long it
takes to assembl e the faucet from start to finish).”

Display: video clip of hands assembling faucet. Also list step in bulleted text in upper left corner
of presentation area.

[next screen]

Guide: "Step 3: Break down the operation into elements. Like most operations, the assembly of
the faucet requires several different steps. This blueprint of the faucet shows its different pieces
and how they go together.

Display: Animation of blueprint with pieces assembling themselves. Also list step in bulleted
text in upper left corner of presentation area.

[next screen]

Guide: "For thisexample, let's assume you have divided the faucet assembly operation into the
following elements. Element 1. Join valve assembly to pipe junction fixture. Element 2. Attach
valve assembly securing header. Element 3. Attach valve actuating handle. Element 4: Insert
fastening screw. Element 5. Tighten fastening screw.”

Display: Bulleted text reinforcing voice message. Also list step in bulleted text in upper left
corner of presentation area.

[next screen]



Guide: "Step 4: List the elements on the Form 7 for datarecording, like this."

Display: Animation of elementslisting themselves on ablank Form 7. Also list step in bulleted
text in upper left corner of presentation area.

[next screen]

Guide: "Step 5: Determine the number of operational cyclesto observe. When the worker
completely assembles one faucet, he or she has performed one cycle of the operation. To make
sure your results are accurate, you must observe and collect time data for a number of cycles.
There are set standards for how many cycles should be observed depending on your estimate of the
overall cycletime (from Step 2). This table shows exactly how to select the number of cyclesto
observe based on the overall cycle time estimate. For example, if the faucet assembly operation
takes about 30 seconds (or 0.5 minutes) then you should observe and collect time data for at least
60 assembly cycles."

Display: Image of cycles-to-observe with animation of cycle choice of 60 cyclesfor .5 minutes
highlighting itself. Also list step in bulleted text in upper left corner of presentation area.

[next screen]

Guide: "Step 6: Record time data. Instruct the worker to begin assembling faucets and start the
stopwatch. Asthe worker completes each element, note the elapsed time shown by the stopwatch
and record it in the appropriate cell onthe Form 7. Note that each cell inthe Form 7 isdivided into
two parts, labeled "R" and "F." The"R" portion is where you should record the elapsed time
during the data collection; the "F" portion will be used later. Y our data might look like thisasyou
go aong:

Display: Video of faucet being assembled. Below that there will be a Form 7 with time data

recording itself in the appropriate cells as each element isfinished in the video segment. Also list
step in bulleted text in upper left corner of presentation area.

Book 4: Analyzing Time Data

Guide: "Onceyou have collected al the time data you need, you must perform some calculations
to determine each individua €l ement time and the overall time standard for the faucet assembly
operation. Thisinvolvesthree basic steps.”

[next screen]

Guide: "Step 1: Caculate the individual element times. To do this, subtract the elapsed time of
the preceding element from the elapsed time of the element in question. Then record each element
time in the corresponding "F" cell on the Form 7. The figure below illustrates how these
calculations are performed and recorded.”

Display: Elapsed times on Form 7 flash and subtraction is performed and displayed in a window
adjacent to Form 7. Also list step in bulleted text in upper left corner of presentation area.

[next screen]
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Guide: "Step 2: Adjust the data set by identifying outliers and discarding them. An"outlier” isa
data point that is so different from the others that it could skew the statistical results. To make sure
your results are accurate, you should identify outliersin your time data and discard them. To do
thisyou use asimple statistical test called the Dixon Test. The Dixon Test is atechnique for
examining the individual element timesyou calculated in Step 1. To see how to perform thistest,
let's go back to our example. Let'stest the datafor the second element, 'Attach valve assembly
securing header.' For this example, let's assume that you observed six cycles of the assembly
operation. Taketheindividual element times and list them in ascending order from smallest to
largest.”

Display: Element timesfor "attach valve assembly header" move down off sheet and re-order
themselves in ascending order on an adjacent sheet. Also list step in bulleted text in upper left
corner of presentation area.

[next screen]

Guide: "Begin by looking at the highest and lowest values on your list. Do any look out of
place? In this case, the value 21 definitely seemslike it doesn't fit. Y ou must determineif 21 isan
outlier (if it is, you should discard it from the time data set). To do this, first consult the Dixon
Table. It tellsyou the formulaand critical value to use.”

Display: Dixon table appears and values and formulas to use highlight themselves (synched with
audio).

[next screen]

Guide: "You usetheformulato calculate a Dixon value (for the data point 21). Then you
compare the Dixon value to the alpharisk value you got from the Dixon Table. If the Dixon value
you calculated is equal to or greater than the Table value, you should conclude that 21 is an outlier
and discard it from the data."

Display: Animation of Dixon value calculations appears (synched with audio).

[next screen]

Guide: "You should continue performing this test on each element time. Remember, you listed
the element timesin ascending order. So as soon as you discover that a data point is not an outlier,
you can stop."

[next screen]

Guide: "Step 3: Caculate the average time for each element. Y ou have eliminated al outliers
from the data; from the remaining data points, compute the average time for each element. You
should examine these averages to see if there are any elements that take much longer than the
others. If so, the operation is probably not as efficient as it could be, and you might look for ways
to improveit."

Display: Animation of sample calculations. Also list step in bulleted text in upper left corner of
presentation area.
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[next screen]

Guide: "Step 4: Caculate the time standard. To do this, simply add the average element time for
all the elements. Thistime value can now be used as a standard for usein avariety of tasksthat are
essentia to the success of any company.”

Display: Animation of sample calculations. Also list step in bulleted text in upper left corner of
presentation area.
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Instructions for Experiment
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Instructional Methods Research Study

Instructions

Thank you for agreeing to participate in this experiment. The experiment is being conducted by
Theresa Ramsey under the supervision of Dr. C. Patrick Koelling, an associate professor in
Industrial and Systems Engineering.

The purpose of this study isto compare the effectiveness of several different instructional systems.
Asan experimental subject you will serve asthe learner and you will engage in one-on-one
instruction with an instructional system.

The subject material you will be taught consists of some basic fundamentals of performing awork
measurement technique called Time Study Analysis. Y ou will be given instructional materia to
review followed by awritten test. Y ou will have a maximum of 2 hoursto go through the
instructional material and 1 hour to complete atest following your review of the material.

Thefirst session of the experiment will take approximately two hours, and you will be paid $7.00
per hour for your participation. Once you have read this sheet and signed the informed consent
form you will be ready for the experiment.

It isimportant that you keep in mind that you will be tested afterward, so you should treat the
experimental situation as though you were studying for any normal test for class. You will be
tested on the principles and procedures of choosing to perform atime study, pre-data collection
activities, and methods of data collection and analysis.

A second session will be held two weeks after the first session. During the second session, you
will complete another written test on the material. Y ou will have amaximum of 1 hour to complete
the second test.

The datawill be analyzed about a month after all data has been collected. The results will be made
availableto you if you wish to review them.

Thank you again for participating in this experiment. If you have ANY questions don't hesitate to

ask them. It isimportant that you fully understand everything involved in the study so that it can
go as smoothly as possible.
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Informed Consent Form
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Participant's Informed Consent Form

Title of Project: The Effects of Instructional Method on Learning

Principa Investigator: Dr. C. Patrick Koelling
Graduate Assistant: Theresa Ramsey

Purpose of the Resear ch Project

You are invited to participate in a study about the effectiveness of different methods of
instruction. Thirty participants will be take part in this study.

Procedures

You will be given aset of instructional materials and asked to review them as though you
were studying for atest. In fact, when you have finished reviewing the materials you will be
asked to complete awritten test to see how much you have learned. Y ou will have a maximum of
2 hours to review the instructional materials, and a maximum of 1 hour to complete the test. You
will also take a second test two weeks after the first session. Y ou will have a maximum of one
hour to complete the second test.

Risks

There are no foreseeable risks to you as a participant. Thus, no safeguards have been
established.

Benefits of this Project

Y our participation will be helpful in determining the relative effectiveness of the
instructional materials. While you may find the experiment interesting and/or informative, there are
no direct benefitsto you as a participant. No guarantee of benefits has been made to encourage
you to participate.

Y ou may receive asynopsis or summary of this research when completed. If you so
desire, leave a self-addressed envel ope.

Anonymity and Confidentiality

The results of this study will be kept strictly confidential. The information you provide will
have your name removed and only a subject number will identify you during analyses and any
written reports of the research.
Compensation

Y ou will receive $7.00 per hour for participation. Y ou will be paid after the completion of
the second session of the experiment.
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Freedom to Withdraw

Y ou are free to withdraw from this study at any time without penalty. If you chooseto
withdraw, you will be compensated for the portion of the time of the study.

If the investigator determines from the pre-study questionnaire that you are not suitable asa
subject for this experiment, you will be compensated for the portion of the project compl eted.

Approval of Research
This project has been approved, as required by the Institutional Review Board for Research

Involving Human Subjects at Virginia Polytechnic Institute and State University and by the
Department of Industrial and Systems Engineering.

Subject's Responsibilities

| know of no reason | cannot participate in this study. | voluntarily agree to participatein
this study.
Subject's Permission

| have read and understand the informed consent and conditions of this project. | have had
all my questions answered. | hereby acknowledge the above and give my voluntary consent for
participation in this project.

If | participate, | may withdraw at any time without penalty. | agree to abide by the rules of
this project.

Signature Date

Should I have any questions about this research or its conduct, | will contact:
Theresa Ramsey, graduate research assistant (540) 231-5359
Dr. C. Patrick Kodlling, Virginia Tech Faculty Member (540) 231-7286
Tom Hurd, Chair, IRB Research Division (540) 231-5281
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Test Form A
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Introduction to Time Study Analysis-- Test Form A

Part 1: Short Answer

When you have completed each page return it to the experimenter to receive the next question or set
of questions.

1 There are two main reasons for performing atime study. What are they?



Introduction to Time Study Analysis-- Test Form A

2.

What isthe definition of atime standard?
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Introduction to Time Study Analysis-- Test Form A

3.

One of the reasons for performing atime study is to establish atime standard for ajob or
process. How are time standards useful to a company? Provide one example.
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Introduction to Time Study Analysis-- Test Form A

4.

Performing atime study involves collecting time data. There are four basic items of
equipment used to collect time data. What are they?
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Introduction to Time Study Analysis-- Test Form A

Below isa sample Form 7 data sheet for recording time data. Label the following parts:
A) cdlsfor listing job elements

B) cellsfor recording net element times, and

C) cellsfor recording elapsed times.
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Introduction to Time Study Analysis-- Test Form A

Part 2: Multiple-Choice

6. When choosing aworker to observe for atime study, what quality should that worker
possess that makes him or her agood choice?

A. Heor she should be fast and highly efficient so that time datawill be as accurate as
possible.

B. He or she should be average and work only at a normal speed.

C. He or she should be the senior-most operator since he or she will be the most familiar
with all the intricacies of the job being studied.

D. He or she should be average but should work as fast as possible when time dataiis
being collected.

E. He or she should be selected only if recommended by aforeman or supervisor.
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Introduction to Time Study Analysis-- Test Form A

Before collecting time data, how would you determine the minimum number of operational
cyclesto observe?

A.

Discussit with the operator you have chosen to observe, since he or sheistherea
expert on how the job is done.

Discussit with shop floor supervisorsto get their opinion, since a mistrustful
operator could deliberately mislead you.

Start by picking a number arbitrarily; if you discover later that you need more data
you can go back and record additional times.

There is astandard table showing the minimum number of cyclesto observe based
on the estimated overal cycletime.

There is no requirement for a minimum number of cyclesto observe.
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Introduction to Time Study Analysis-- Test Form A

There are six basic steps involved in collecting time datafor atime study. They are (in
order):

A. (1) select aworker to observe, (2) familiarize yourself with the job, (3) break down the

jobinto individual elements, (4) list individual job elements on the Form 7 data sheet,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.

. (1) determine the minimum number of cyclesto observe, (2) select aworker to
observe, (3) familiarize yourself with the job, (4) break down the job into individual
elements, (5) list individual job elements on the Form 7 data sheet, and (6) record the
time data.

. (1) select aworker to observe, (2) break down the job into individual elements, (3) list
individual job elements on the Form 7 data sheet, (4) familiarize yourself with the job,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.

. (2) familiarize yourself with the job, (2) break down the job into individual elements,
(3) list individual job elements on the Form 7 data sheet, (4) select aworker to observe,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.

. (1) break down the job into individual elements, (2) list individual job elements on the

Form 7 data sheet, (3) familiarize yourself with the job, (4) select aworker to observe,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.
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Introduction to Time Study Analysis-- Test Form A

Once time data has been collected, it must be analyzed. There are four basic stepsin
analyzing time data. They are (in order):

A.

(2) adjust the data for outliers using the Dixon Test, (2) calculate the individua element
times, (3) calculate each average element time, and (4) calculate the time standard.

(2) adjust the datafor outliers using the Dixon Test, (2) calculate each average element
time, (3) calculate the individual element times, and (4) calculate the time standard.

(2) calculate theindividual element times, (2) list those element timesin ascending
order, (3) adjust the data for outliers using the Dixon Test, and (4) calculate the time
standard.

(2) list the element times in ascending order, (2) adjust the data for outliers using the
Dixon Test, (3) calculate each average element time, and (4) calculate the time standard.

(2) calculate the individua element times, (2) adjust the datafor outliers using the
Dixon Test, (3) calculate each average element time, and (4) calculate the time standard.
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Introduction to Time Study Analysis-- Test Form A

Part 3: Problem-Solving

Y ou may use the calculator and any tables or figures provided to aid you in solving each problem.
Please show all your work, since your method and approach to solving the problem isjust as
important as coming up with the correct answer.

10.  Supposeyou performed atime study on the operation of changing alight bulb. The figure
below shows a sample set of time datafor 2 cycles of the job. Calculate the individual
element times and record them in the appropriate cells on the Form 7.

Form 7 Cycle
Element R : FIR LF R
Turn light QFF 4 £
Remove old bulk 12 74
ISt nesw Uik 21 &4
Tighten new bulk 40 10
Turn light Qi
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Introduction to Time Study Analysis-- Test Form A

11.  Supposefor thelight bulb changing operation that your time data and corresponding
element times look as shown in the figure below.

Fefmoye old Bulk Tl T F e EE Tl P lor el [

a For the element called "Remove old bulb" identify any outliers and adjust your data
set accordingly.

b. From your adjusted data set, cal culate the average time to compl ete the element
"Remove old bulb."
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Introduction to Time Study Analysis-- Test Form A

12.

Suppose for the light bulb changing operation that you have correctly adjusted your time
datato eiminate al outliers. Now suppose that you have correctly calculated the average
element time for al five individual e ements of the job as shown below. Calculate thetime

standard for the entire job.

-

Number of cycles originally observed: G

Number of elements in operation: &

Average element imes: Turn Light OFF
Remove old bulb
Insert new bulb
Tighten new bulb
Turn light ON

45 gec
432
20.9
24 8
14 6
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Appendix H

Test Form B
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Introduction to Time Study Analysis-- Test Form B

Part 1. Short Answer

1.

2.

What are the two main reasons for performing atime study?

What are the four basic items of equipment used to collect time data?
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Introduction to Time Study Analysis-- Test Form B

Labdl the following parts of the sample Form 7 below:
A) cellsfor recording net element times,

B) cellsfor listing job elements, and

C) cellsfor recording el apsed times.

Form 7 Cycle

What isatime standard?

What quality should the worker you choose to observe for atime study possess that would

make him or her agood choice?
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Introduction to Time Study Analysis-- Test Form B

Part 2: Multiple-Choice

6.

Part 3:

Before collecting time data, how would you determine the minimum number of operational
cyclesto observe?

A.
B.

There is no requirement for a minimum number of cyclesto observe.

Start by picking a number arbitrarily; if you discover later that you need more data you
can go back and record additional times.

There is astandard table showing the minimum number of cyclesto observe based on
the estimated overall cycletime.

Discuss the number of cyclesto observe with the operator you have chosen to observe
since he or sheisthe real expert on how the job is done.

Discuss the number of cycles to observe with shop floor supervisorsto get their
opinion since they know the operation well.

Number stepsin the correct order.

Number in order the six basic steps involved in collecting time data for atime study:

break down the job into individual elements

record the time data

familiarize yourself with the job

select aworker to observe

determine the minimum number of cyclesto observe

list individual job elements on the Form 7 data sheet

Number in order the four basic stepsin analyzing time data:

calculate each average element time
calculate the time standard
adjust the data for outliers using the Dixon Test

caculate theindividual dement times
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Introduction to Time Study Analysis-- Test Form B

Part 4. Problem-Solving

Y ou may use the calculator and any tables or figures provided to aid you in solving each problem.
Please show all your work, since your method and approach to solving the problem isjust as
important as coming up with the correct answer.

0. Suppose you performed atime study on the operation of changing alight bulb. Thefigure
below shows a sample set of time datafor 2 cycles of the job. Calculate the individual
element times and record them in the appropriate cells on the Form 7.

Form 7 Cycle
Element R 1 F IR . F IR
Turn light OFF 3 50
Remove old bulk 13~ | 62
Insert neswy bulk 2%\ 69
Tighten new bulk 39 86
Turn light O
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Introduction to Time Study Analysis-- Test Form B

10.  Supposefor thelight bulb changing operation that your time data and corresponding

element times look as shown in the figure below.

Femove old bulk 38

34

99

34

24345

32

39

432

Sl

a For the element called "Remove old bulb" identify any outliers and adjust your data

set accordingly.

b. From your adjusted data set, cal culate the average time to complete the element

"Remove old bulb."
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Introduction to Time Study Analysis-- Test Form B

11.

Suppose for the light bulb changing operation that you have correctly adjusted your time
datato eiminate al outliers. Now suppose that you have correctly calculated the average
element time for al five individual e ements of the job as shown below. Calculate thetime
standard for the entire job.

-

Number of cycles originally observed: 6

Number of elements in operation: =

Average element times: Turn Light OFF 5.3 &¢
Remowve old bulb 12.4
Insert new hulh 18.7
Tighten newsbulb 105
Turn light ON 4.7
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Appendix |

Answer Key for Test Form A
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Post-instructional Test Form A
Answer Key and Guidelines for " Degree of Correctness”

Part 1: Short Answer

1.

There are two main reasons for performing atime study. What are they? (12 possible
points)

6 points awarded if subject responded "to establish a time standard” or something to that
effect. 3 points awarded if response included something about "average time to complete a
process’ but did not specify a "time standard.”

6 pointsif subject responded "to examine operational €lements of a job or process to look
for possible methods improvements. 3 points awarded if response discussed examining a

job or process but was not extended to say "for the purpose of possibly making methods
improvements.”

What isthe definition of atime standard? (12 possible points)

3 points awar ded automatically

3 points awarded if response included statement of "average time to complete a job or
process’ or something to that effect.

3 points awarded if response stated time for a "normal operator” to complete ajob or
process

3 points awarded if response included time for operator to complete ajob or process
"working at a normal pace"' or something to that effect.

One of the reasons for performing atime study is to establish atime standard for ajob or
process. How are time standards useful to a company? Provide one example. (12
possible points)

3 points awar ded automatically

6 points awarded if response included statement of "time standards aid in many
manufacturing-related tasks and jobs" or something to that effect.

3 points awarded for any correct example, such as " production scheduling or cost
estimating.”



Performing atime study involves collecting time data. There are four basic items of
equipment used to collect time data. What arethey? (12 possible points)

3 points awarded for "stopwatch"

3 points awarded for "Form 7" or variations such as"sheet 7' or "data record 7"

3 points awarded for "time study board" or variations provided the variation specified that
the board held both the data recording sheet and the stopwatch together

3 points awarded for "pencil”

Below isa sample Form 7 data sheet for recording time data. Label the following parts:
A) cellsfor listing job elements,

B) cellsfor recording net element times, and

C) cellsfor recording elapsed times. (12 possible points)

3 points awarded automeatically
3 points awarded for correcting identifying and labeling cells for listing job elements

3 points awarded for correcting identifying and labeling cells for recording elapsed times
from the stopwatch during data collection

3 points awarded for correcting identifying and labeling cells for recording net element
times during data analysis
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Part 2: Multiple-Choice

(Each multiple choice question isworth 12 points, no partial credit will be given.)

6.

When choosing aworker to observe for atime study, what quality should that worker
possess that makes him or her agood choice?

A. Heor she should be fast and highly efficient so that time datawill be as accurate as
possible.
B. He or she should be just average and work only at a normal speed.

C. He or she should be the senior-most operator since he or she will be the most familiar
with all the intricacies of the job being studied.

D. He or she should be just average but should work as fast as possible when time datais
being collected.

E. He or she should be selected only if recommended by aforeman or supervisor.

B. Heor she should be just average and work only at a normal speed.
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Before collecting time data, how would you determine the minimum number of operational
cyclesto observe?

A.

Discussit with the operator you have chosen to observe, since he or sheistherea
expert on how the job is done.

Discussit with shop floor supervisorsto get their opinion, since a mistrustful operator
could deliberately mislead you.

Start by picking a number arbitrarily; if you discover later that you need more data you
can go back and record additional times.

There is astandard table showing the minimum number of cyclesto observe based on
the estimated overall cycletime.

There is no requirement for a minimum number of cyclesto observe.

Thereis a standard table showing the minimum number of cycles to observe based on
the estimated overall cycletime.
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There are six basic steps involved in collecting time datafor atime study. They are (in
order):

A. (1) select aworker to observe, (2) familiarize yourself with the job, (3) break down the
job into individual elements, (4) list individual job elements on the Form 7 data sheet,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.

B. (1) determine the minimum number of cyclesto observe, (2) select aworker to
observe, (3) familiarize yourself with the job, (4) break down the job into individual
elements, (5) list individual job elements on the Form 7 data sheet, and (6) record the
time data.

C. (1) select aworker to observe, (2) break down the job into individual elements, (3) list
individual job elements on the Form 7 data sheet, (4) familiarize yourself with the job,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.

D. (1) familiarize yourself with the job, (2) break down the job into individual elements,
(3) list individual job elements on the Form 7 data sheet, (4) select aworker to observe,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.

E. (1) break down thejob into individua elements, (2) list individual job elements on the
Form 7 data sheet, (3) familiarize yourself with the job, (4) select aworker to observe,
(5) determine the minimum number of cyclesto observe, and (6) record the time data.

A. (1) select a worker to observe, (2) familiarize yourself with the job, (3) break down the
job into individual elements, (4) list individual job elements on the Form 7 data sheet,
(5) determine the minimum number of cycles to observe, and (6) record the time data.
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Once time data has been collected, it must be analyzed. There are four basic stepsin
analyzing time data. They are (in order):

A.

(1) adjust the data for outliers using the Dixon Test, (2) calculate the individua element
times, (3) calculate each average element time, and (4) calculate the time standard.

(2) adjust the data for outliers using the Dixon Test, (2) calculate each average element
time, (3) calculate the individual e ement times, and (4) calculate the time standard.

(2) calculate theindividual element times, (2) list those element timesin ascending
order, (3) adjust the data for outliers using the Dixon Test, and (4) calculate the time
standard.

(2) list the element timesin ascending order, (2) adjust the data for outliers using the
Dixon Test, (3) calculate each average element time, and (4) calculate the time standard.

(2) calculate the individua element times, (2) adjust the datafor outliers using the
Dixon Test, (3) calculate each average element time, and (4) calculate the time standard.

(2) calculate the individual €lement times, (2) adjust the data for outliers using the
Dixon Tet, (3) calculate each average element time, and (4) calculate the time standard.
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Part 3: Problem-Solving

Y ou may use the calculator and any tables or figures provided to aid you in solving each problem.

Please show all your work, since your method and approach to solving the problem isjust as
important as coming up with the correct answer.

10.  Supposeyou performed atime study on the operation of changing alight bulb. The figure

below shows a sample set of time datafor 2 cycles of the job. Calculate the individual

element times and record them in the appropriate cells on the Form 7. (25 possible points)

Form 7 Cycle
Element R R : F
Turn light QFF 4 £
Femove old bulb 13 74
Insett et bulk 21 g9
Tighten new bulk 40 10

Turn light Qi

10 points awarded for displaying through shown work correct knowledge of the proper

procedure

10 points awarded for correcting listing element timesin appropriate cells

5 points awarded for determining the correct numerical answers
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Suppose for the light bulb changing operation that your time data and corresponding
element times look as shown in the figure below.

Fefmoye old Bulk Tl T F e EE Tl P lor el [

a For the element called "Remove old bulb" identify any outliers and adjust your data
set accordingly. (25 possible points)
5 points awarded for properly listing element times in ascending order

5 points awarded for selecting correct Dixon formula to use (from formula sheet provided
by experimenter during testing)

5 points awarded for using proper procedure (beginning with extreme values and testing)
5 points awarded for correctly applying the Dixon formula chosen

5 points awarded for determining the correctly adjusted data set

b. From your adjusted data set, cal culate the average time to compl ete the element
"Remove old bulb." (25 possible points)
10 points awarded for demonstrating cal culation procedure

10 points awarded for properly using the data in calculations (even if adjusted data set was
incorrect)

5 points awarded for determining the correct average time (based on whatever data set was
used from previous gquestion)
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12.

Suppose for the light bulb changing operation that you have correctly adjusted your time
datato eiminate al outliers. Now suppose that you have correctly calculated the average
element time for al five individual e ements of the job as shown below. Calculate thetime

standard for the entire job. (25 possible points)

-

Number of cycles originally observed: G

Number of elements in operation: &

Average element imes: Turn Light OFF
Remove old bulb
Insert new bulb
Tighten new bulb
Turn light ON

5 points awar ded automeatically

45 gec
432
20.9
24 8
14 6

10 points awarded for demonstrating proper calculation procedure

10 points awarded for determining the correct time standard
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Appendix J

Answer Key for Test Form B
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Post-instructional Test Form B
Answer Key and Guidelines for " Degree of Correctness”

Part 1. Short Answer

1 What are the two main reasons for performing atime study? (12 possible points)
6 points awarded if subject responded "to establish a time standard” or something to that effect.
3 points awarded if response included something about "average time to complete a process” but
did not specify a "time standard.”
6 pointsif subject responded "to examine operational elements of a job or processto look for
possi ble methods improvements. 3 points awarded if response discussed examining a job or
process but was not extended to say "for the purpose of possibly making methods
Improvements.”

2. What are the four basic items of equipment used to collect time data? (12 possible points)
3 points awarded for "stopwatch"

3 points awarded for "Form 7" or variations such as "sheet 7" or "data record 7"

3 points awarded for "time study board" or variations provided the variation specified that the
board held both the data recording sheet and the stopwatch together

3 points awarded for "pencil”

3. Labdl the following parts of the sample Form 7 below:
A) cellsfor recording net element times,
B) cellsfor listing job elements, and
C) cellsfor recording el apsed times. (12 possible points)

Form 7 Cycle
B B[R F[R™w F R F [R™ F R ™ §
S el s
i B I T T T
RN AN AN o
i B T >
B IR T T

3 points awar ded automatically
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4,

5.

4
4
5

3 points awarded for correcting identifying and labeling cellsfor listing job el ements

3 points awarded for correcting identifying and labeling cells for recording elapsed times from
the stopwatch during data collection

3 points awarded for correcting identifying and labeling cells for recording net element times
during data analysis

What is atime standard? (12 possible points)
3 points awarded automatically

3 points awarded if response included statement of "average time to complete a job or process' or
something to that effect.

3 points awarded if response stated time for a "normal operator” to complete a job or process

3 points awarded if response included time for operator to complete a job or process "working at
a normal pace" or something to that effect.

What quality should the worker you choose to observe for atime study possess that would
make him or her agood choice? (13 possible points)

points awarded automatically
points awarded if response included reference to * average worker”

points awarded if response included statement “ should work at a normal pace”

Part 2: Multiple-Choice
(Each multiple choice question isworth 13 points, no partial credit will be given.)

6.

Before collecting time data, how would you determine the minimum number of operational
cyclesto observe?

A. Thereisno requirement for aminimum number of cyclesto observe.

B. Start by picking anumber arbitrarily; if you discover later that you need more datayou
can go back and record additional times.

C. Thereisastandard table showing the minimum number of cycles to observe based on
the estimated overall cycletime.

D. Discussthe number of cyclesto observe with the operator you have chosen to observe
since he or sheisthe real expert on how thejob is done.
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E. Discussthe number of cyclesto observe with shop floor supervisorsto get their
opinion since they know the operation well.

C. Thereisa standard table showing the minimum number of cycles to observe based on
the estimated overall cycletime.

Part 3: Number stepsin the correct order.

(Numbering questions are worth 13 points each, no partial credit is given.)

7. Number in order the six basic steps involved in collecting time data for atime study:

3 break down the job into individual elements

6 record the time data

2 familiarize yourself with the job

1 select aworker to observe

5 determine the minimum number of cyclesto observe

4 list individual job elements on the Form 7 data sheet
8. Number in order the four basic stepsin analyzing time data:

3 calculate each average element time

4 calculate the time standard

2 adjust the data for outliers using the Dixon Test

1 caculate theindividua element times
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Part 4. Problem-Solving

Y ou may use the calculator and any tables or figures provided to aid you in solving each problem.
Please show all your work, since your method and approach to solving the problem isjust as
important as coming up with the correct answer.

0.

Suppose you performed atime study on the operation of changing alight bulb. Thefigure

below shows a sample set of time datafor 2 cycles of the job. Calculate the individual

element times and record them in the appropriate cells on the Form 7. (25 possible points)

Form 7 Cycle
Element R 1 F IR . F IR
Turn light OFF 3 50
Remowve old bulk 13 62
Insert new bull 2%\ 69
Tighten new bulk 39 86
Turn light O

10 points awarded for displaying through shown work correct knowledge of the proper
procedure

10 points awarded for correcting listing element timesin appropriate cells

5 points awarded for determining the correct numerical answers
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10.  Supposefor thelight bulb changing operation that your time data and corresponding
element times look as shown in the figure below.

Sl

Femove ald bulk 38 S 99 36 243 S 32 S 432 2 543

a For the element called "Remove old bulb" identify any outliers and adjust your data
set accordingly. (25 possible points)

5 points awarded for properly listing element times in ascending order

5 points awarded for selecting correct Dixon formula to use (from formula sheet provided
by experimenter during testing)

5 points awarded for using proper procedure (beginning with extreme values and testing)

5 points awarded for correctly applying the Dixon formula chosen

5 points awarded for determining the correctly adjusted data set

b. From your adjusted data set, cal culate the average time to complete the element
"Remove old bulb." (25 possible points)

10 points awarded for demonstrating cal culation procedure

10 points awarded for properly using the data in calculations (even if adjusted data set was
incorrect)

5 points awarded for determining the correct average time (based on whatever data set was
used from previous gquestion)
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11.  Supposefor thelight bulb changing operation that you have correctly adjusted your time
datato eiminate al outliers. Now suppose that you have correctly calculated the average
element time for al five individual e ements of the job as shown below. Calculate thetime
standard for the entire job. (25 possible points)

-

Number of cycles originally observed: 6

Number of elements in operation: =

Average element times: Turn Light OFF 5.3 &¢
Remowve old bulb 12.4
Insert new hulh 18.7
Tighten newsbulb 105
Turn light ON 4.7

5 points awar ded automatically
10 points awarded for demonstrating proper calculation procedure

10 points awarded for determining the correct time standard
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