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Editorial

Welcome to Volume 3 (Issue 2) of the Electronic Journal of Instructional Science and
Technology. Thisisour first Issue of the journal for year 2000 so it is somewhat special in that
sense. There are 4 papersin this I ssue and we hope you will find something of interest in al or
some of them.

The first paper in this Issue by Gregory MacKinnon (Integrated | nteractive Science Software:
A New Role for Teachers) describes amodel for teachers to create their own software, based on
thelir particular curricular outcomes. The author claims that the implementation of this model
could have profound implications for the classroom processesin that it has the potential to
promote atruly facilitative role for the teacher.

Virginia Kupritz's paper, with its very recognizable title (The mediumis the message:
Implications for teaching in cyberspace), attempts to shed some light on the functional
relationship between information, context and meaning in learning environments.

There are two papersin this Issue by Sharon Gander. Thefirst paper (Development of a

Corporate Learning Game) is a case study on the development of alearning game for adultsina
corporate environment. This paper provides a window on one educational game’s development
process within the corporate education/training environment.

Sharon's second pap&des Learning Occur through Gaming?) explores if Cerner
Corporation’s computer-based garhi®yAM DataQuest: The Millennium Architecture

Knowledge Adventure taught the concepts that it was intended to teach. This report of CVU'’s
results with computer-based gaming offers some support for the use of games designed
expressly to teach specific knowledge.

So enjoy, and as usual we welcome your comments and thoughts on any of the issues raised in
this Issue of the eJIST. Please address all such correspondence to the Executive Editors.

Som Naidu & Olugbemiro Jegede
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Abstract

This paper offers a model for teachers to create their own software based on their regional cur-
ricular outcomes. The implementation of this model has profound implications for the class-
room structure and promotes a truly facilitative role for the teacher.

Computer Technology in the Science Classroom

Recently | polled 500 teachers of science (grades 7-12) to ask them how they used computer
software in their classrooms. The most popular innovation (79%) was the advent of the
computer probe. These so-called CBL (computer-based laboratories) and MBL
(microcomputer-based laboratories) are quickly gaining in popularity because they allow
science teachers to promote higher-order thinking (Kurubacak, 1998) in ways that teachers
could never access before. Students can gather data very quickly using temperature, motion,
pH and pressure probes and thus spend the majority of their time critically considering their
findings. Teachers have developedovative activities that utilize ‘retro-analysis’. In these
exercises, students are supplied with graphs and asked to generate them using experiments
with the probes. This represents a very different way of thirfkinghildren and early
indications(Berger et al, 1994) are that many children are learning more effectively in these
settings.

This article is less about recognised technological successes in science classrooms, and more
about the potential of computers for promoting a facilitator role for teachers in the coming
millennia. In this same survey teachers complained repeatedly that they spend a lot of money
on pieces of software that have singular utility in certain aspects in their curriculum.
Applications that are great for that one class of the year, but software that really misses the
mark in ever other respect. This ‘poor value’ for the limited technology dollar, arose because
most software just didn't fit the teacher’s curriculum outcomes. How can teachers respond to
this?

Opportunities

More than ever before, teachers have access to simple software tools that allow them to design
software for their classrooms either on their own or in school software teams. Advances in
user-friendly multimedia and a corresponding drop in the cost of these tools has made such
approaches accessible for all teachers. Perhaps the most critical progress has been made in the
area of creating ‘non-linear environments’. In these software settings, students are able to use
such things as buttons and hypertext to access a wide variety of media. Simple software
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development is no longer the exclusive realm of so-called ‘early-adopters’ of computers.
Thanks to products like Powerpoint and Hyperstudio teachers can begin to formulate truly
‘integrated’ software. These multimedia tools are relatively inexpensive and have become
increasingly more powerful but not at the cost of making them ‘user-unfriendly’. They still
maintain very simple user interfaces with comfortable learning curves. Those teachers who
want more flexibility may consider more powerful tools such as Authorware or Toolbook.
Though these are more expensive products they remain fairly simple to use at the entry level.

A Learning Model

What does it mean to create interactive and integrated software? Interactive simply means
students are entering data into the computer as it prompts them for information. This
information can be anything from numerical data for calculations to multiple choice questions
to test content knowledge. In our research, ‘integrated’ means developing software that directs
students through the content in their specific curriculum. Our learning model for such
integration is shown in Figure 1. At the onset of the unit, students are given a problem that
draws on the process skills and content knowledge which will be developed throughout the
unit. This we call the unit challenge and it is usually given to students in paper copy at the
beginning of the study. Students then progress through the learning cycle periodically
reflecting back (at the prompt of the computer) to the unit challenge as they construct new
meanings throughout.

Figure 1: A Model for Integrating Computers into Curriculum
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The computer serves a number of functions in this model none of which represents a stand-
alone approach. This important aspect of the model addresses the lack of computer resources
in many classrooms (Dockterman, 1997). Students can enter the unit learning cycle at a variety
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of nodes and thus two or three computers in a classroom can be quite sufficient to direct the
learning of several groups of students. The computer then acts as a director of classroom

learning activities. As can been seen in Figure 2-4 below, the software introduces the unit with

a simple ‘omni—directional’ hypertext menu or graphic interface with selectable hot spots.
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Figure 2: Software Developed for a Science Plus Unit on Solutions
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Samples of Interactive, Intergrative Teacher—Generated Software

In the solutions software (Figure 2) students are presented with an interface that gives them
access to avariety of activities through two interfaces. Their overal challengeisto determine
who committed a crime. The computer serves as a database while students, through a series of
solution-related activities (chromatography, suspensions etc.) narrow the suspect list to
determine the culprit. In the office they can visit the crime scene for evidence, go to the lab to
examine the evidence, enter data into the computer and open the filing cabinet to examine
personal files on the criminals. At the crime scene each piece of evidenceis flagged and here
students begin their research by clicking the data they wish to follow up on. Studentsin a
single classroom can be working simultaneously on different parts of the unit through this
interface.

The software shown in Figure 3 was created for a six-week Grade 12 unit on acid-base
chemistry. The overall unit challenge for the students was to solve a complex authentic
problem of acidification of lakesin their region. As research groups they were to submit a
proposal for environmental cleanup for the system. As they mastered various aspects of the
unit content they would gradually build up the resources to respond to this challenge. Thistype
of situated learning (Carr et al, 1998) has the potential to teach students to be better solvers of
ill-structured problems (Spiro et al, 1992).

The timeline interface in this software helps to contextualise (McFadden, 1991) the
development of acid-base theory. Though the menuing system allows access to all aspects of
the unit at any time, students have preferred (MacKinnon & Forsythe, 1999) to address content
in alinear sequence. In preparing software, teachers will find that some topics by nature are
additive and thus student entry at different nodes of the learning cycle (Figure 1) isless
practical. Because developing historical context of science hel ps students to situate their
learning (MacKinnon, 1996) we have purposefully included (Figure 3) historical vignettesin
this software.

Figure 3:Software Developed for a Grade 12 Chemistry Unit on Acids and Bases
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The software example shown in Figure 4 is unique in several ways. The content being
developed is the science of the cell and the program could be used at avariety of grade levels.
Thislarge project has multiple componentsand is part of an initiative (Fasano & Brown, 1992)
to adapt secondary school curriculum materials for use in inclusive classrooms. From the map
interface (Figure 4) students take a historical journey that follows the science of the cell. Each
guadrant accesses different scientists (Hooke, Mendel, Fleming, etc.) and their corresponding
experiments. The student entering the program is mentored through a series of investigations at
and away from the computer. Non-productive experiments and program paths have been
included with corresponding positive reinforcement in an effort to emulate real science. In our
program, the experiments of Mendel (Figure 4) are a particularly good example of how
multimedia can be used to simulate cross-pollination experiments. Throughout these exercises
students develop higher-order thinking skills as they analyse data and formul ate concepts en-
route to meaningful understandings.

This project has been particularly insightful for the authors in terms of teacher led software
development. The quadrant approach was promoted because of the inherent flexibility it
allowed to add compartmentalised content regarding the cell at alater date. We found that it
was far more productive to have ateacher team work on a single component of this project
rather than assign individuals to each of the quadrants (i.e. one person working on Hooke, one
person on Mendel etc.). Secondly it should be noted that creating software for students of
special needsis aunigue challenge. In considering each and every student-computer
interaction we diversified the interface. To mention afew, thiswas accomplished by use of
larger buttons, text and screens, scrolling text combined with recorded and voice-read text,
simplified data input schemes, readily repeated audio and video clips and printable screens.
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Figure 4: Software Developed for the Cell and the Experiments of Mendel
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Implicationsfor Teachers

In our software designs, the computer may; introduce historical content, pose numerical
problems, animate or simulate complicated processes, show video clips of demonstrations,

send students away to perform laboratory investigations or library research or perhaps do
classroom activities and assignments. Integrating computers into the curriculum in this way
ensures avery active classroom setting. The organisational framework hel ps students to

regulate their own learning (Shin, 1998) and work at their own pace. In our classroom
observations, we have found that this maintains high motivation and on-task behaviours. In a
recent pilot study of this model (MacKinnon & Forsythe, 1999), students were seen to utilise

the teacher in very different ways. The co-operative group would field most trivial questions
amongst themselves. Students used the computer screen as ateaching aid to explain concepts

to the their peers. Generally, questions directed to the teacher were for clarification of
instructions or more frequently, to re-explain a difficult concept. Overall studentsfelt that the
random access of the teacher for help was improved greatly as aresult of this model. These
systems have many benefits that parallel ‘centres approaches’ made popular in the elementary
classroom. Intrinsic to this setting is considerable preparation as the teacher offers up all
aspects of the unit on the first day! Subsequently the teacher is not preoccupied with the
delivery of knowledge but moreover the engagement of that knowledge with students.

There has been an abundance of research (Berger et al, 1994) on the impacts of computers in
science classrooms. Pedagogically-sound models that move beyond the techno-romantic era in
considering the realities of limited resources in real classrooms, are most likely to emerge as
useful technologies. Through teacher teamwork, classroom settings can be created that make
efficient use of the available technology while ensuring specific curriculum outcomes are met.
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My journey of learning how to use innovative technologies to build online learning

environments began with a summer workshop. The workshop prompted me to search for

answersto questions about the dialectic between pedagogy and information technologies. In my

search for answers, ared flag appeared regarding the role of context to communicate meaning

through online instruction. Review of the literature and discussions with fellow adult educators

lead me to believe that the full implications of this subtle yet powerful tool to communicate

meaning are not readily understood. Gundling (1999) describes context as the ‘core intercultural
issue when using communication technologies’ (p. 30). Over three decades ago the renowned
anthropologist, Dr. Edward Hall, coined the term ‘contexting’ to describe the perceptual and
cognitive process of recognizing, giving significance to and incorporating contextual cues in
order to interpret the meaning of a situation (Hall, 1983; see also 1966, 1977). Hall argues that
information, context and meaning are bound together in a balanced, functional relationship.
This paper attempts to provide some basic insight into this relationship.

The Medium is the Message

People communicate through a variety of contextual mediums. This requires that we analyse the
amount of contextual information needed to communicate meaning and select the appropriate
instructional method that supports this contextual level. Table 1 illustrates the amount of
contextual information afforded by different communication modes and identifies contextual
mediums for communicating meaning: words, control over format, voice tone, immediate
feedback, nonverbal cues (e.g. facial expressions and gestures), environmental cues (both social
and physical), direct physical exchange (e.g., a handshake), and informal contact (e.g., incidental
meeting in the hallway). Contextual mediums provide information about the learning

environment at the conscious and subconscious level. These contextual mediums are cues that
facilitate meaning so that the uses of the language can be understood (both verbal and nonverbal)
along with the particular situation and circumstances (Hall, 1966, 1983; see also Heath, 1983;
Schein, 1992; Weaver, 1986). The learning environment fails to communicate if the learner does
not decode these cues.
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Table A: The context of various communications by E. Gundling (1999), cited in
How to Communicate Globally, Training and Development, p. 30.

DEGREE OF CONTEXT
Words Control | Voice Tone | Immediate | Nonverbal
Over Feedback Cues
Farmat

Environ- Direct Informal
mental Cues| Physical Contacts
Cues

Person-to-Person

]

Videoconferencing

Phone

COMMUNICATIONS

Voicemail

Fax and Groupware

Email

While | do not necessarily agree with how Table 1 represents different communication
technologiesin their entirety, | believe the table illustrates the many contextual mediums we
use to communicate meaning. Person-to-person communication through in-classroom
instruction provides the instructor and student with the highest degree of context for learning.
Online instruction provides a very low contextual form of communication, which iswhy it
cannot replace the person-to-person classroom environment. Thisis not to say that high
context forms of communication are always better; rather, it is essential to select the
communication mode most appropriate for the learning situation.

Midleading assertions about the role of context for learning frequently appear in argumentsthat
online resources offer agreater contextual environment for learning than the in-classroom
experience (seefor example Gillespie, 1998; Kearsley & Shneiderman, 1998; Petraglia, 1998).
These generalizations confuse the contextual role of information resources (e.g., the Internet
and the World Wide Web) with the contextual level of instruction needed to communicate
meaning. The question is not just the real world context that students have ready accessto, but
also, in what social and physical context islearning being delivered? Online communication is
through the computer, which lacks the context of a person-to-person classroom experience.
The vast amount of information offered online and the ease by which technology brings real
world information into our classrooms are mind-boggling. Nevertheless, the contextual role of
these information resources should not be confused with the contextual level of instruction
needed to communicate meaning.

My workshop class discussed the power of contextual mediums to support or impede

instruction. One of my classmates gave an example of technology problems with context to
communicate meaning in an online course. She explained that two cyberspace student teams
participated in a project, one team located in the Netherlands and one team located in the

United States. Both teams communicated extensively through e-mail during project

development. When the teams were asked, at completion, how often they talked to each other
during the project, both teams responded that they never talked to each other during the

project, but often had wanted to ‘pick up the phone and just talk to each other.” Findings by
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Crook and Webster (1999) provide further insight into communication experiences with e-
mail. Their study revealed that contextual properties of e-mail poorly match practices of
interaction for undergraduate |learners.

Another classmate described to us a course he teaches on images of Jesus—complex, value-
laden and evocative. Students are exposed to new ways of thinking about their values, which
can be explosive. The instructor needs all the contextual mediums at his disposal to
communicate meaning and provide a steady hand as students explore their values. This
classmate reflected upon those times in his course that a hush comes over the classroom as
students experience the ‘ah-ha’ of recognition when affective learning occurs. The instructor
recognized that his subject matter requires a high contextual level of instruction to
communicate the meaning of subjective knowledge—knowledge that is not absolute and is
value-laden (see Rescher, 1977). Technology is better suited as a compliment to in-classroom
instruction for his course.

The Efficacy of Technology to Communicate Meaning

Technology does not make communication necessarily more efficient, even across
international borders. Gundling (1999) argues that technology tools can be counterproductive
in cross-cultural business environments. For example, an American firm installed
videoconferencing facilities in its Thailand subsidiary. The firm believed that the new facilities
would enable communication with other sites worldwide and would increase productivity of
the Thai employees by eliminating the need for unnecessary travel to another location for
meetings. The American firm soon discovered that the local managers were conducting the
videoconference for the firm’s benefit and still travelling to the other location to have face-to-
face meetings afterwards. The Thai managers explained that they wanted to be able to meet in
person to gauge the reaction of others. Electronic delivery can approximate but not duplicate
face-to-face interaction even when supported by two-way audio and video (see Wiesner,
1998).

The need for face-to-face interaction to communicate also can depend upon the particular
situation and needs of the individual or group. Levi, cited in Smith & McCoy (1999),
examined American worker perceptions of virtual offices, asking whether the physical space
was relevant any longer. Findings determined that preferences for different communication
modes used for receiving important organizational information reflected different group
beliefs about management. Groups that trusted management wanted their information via e-
mail or written. Groups that did not trust management preferred face-to-face interaction. Levi
concluded that ‘creative and collaborative work can be supported by communication
technologies, but the physical environment also is needed for building social relationships,
providing training and support, and dealing with communication problems’ (p. 12). This
finding emphasizes the need to understand the role of context to communicate meaning in all
learning environments. The process of instructional design requires careful attention to the
power and subtleties of contextual mediums to communicate meaning.

Some Final Thoughts

My workshop experience left me with the feeling that | had left the hard ground and had
entered a swampy terrain searching for answers with no absolutes and no fixed realities about
the appropriateness of new technologies for all learning situations. Information technology is
changing so rapidly that we are behind in developing pedagogy to guide our experiences with
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technology. Gaver (1996) astutely points out that ‘new technologies seldom simply support old
working practices with additional efficiency or flexibility. Instead they tend to undermine
existing practices and to demand new ones’ (p. 112).

The growing army of competitors from public, virtual and commercial institutions are not

bound by our pedagogy or traditions. As stewards of learning, we need to be asking the right
guestions, the difficult questions. | believe that one question we must not overlook is how
meaning is communicated through online instruction. As teachers, we struggle with the same
practical issues of how to ration our time to learn the new technologies, adopt new approaches
to teaching and learning, keep up with all that is required of us in scholarship and service, and
somehow make a difference in students’ lives and learning. Yet we need to preserve the
essence of our valued traditions and still change. We owe this to our students and to ourselves
who must live and learn in an electronic world.
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Abstract

This paper provides a case study perspective on the development of a learning game for adults
in a corporate environment. The game, Cerner CorporatitidsV DataQuest: The

Millennium Architecture Knowledge Adventure, teaches Cerner’s specific information systems
architecture to associates. The process of creating a game for educational rather than
entertainment purposes is not well documented. This paper provides a window on one
educational game’s development process within the corporate education/training environment.

Educational game design and development projects like this one have different hurdles to
manage than do entertainment games. Creating educational games within a corporate
environment adds other challenges. Therefore, other corporate game development project
managers may find this window on one educational game’s project useful.

Background

In 1998, Cerner Virtual University, (CVU), developed a computer-based learning game to
teach core processes and knowledge of Cerner’s three-tiered client/server architecture and
relational database. The resulting prodttdAM DataQuest: The Millennium Architecture
Knowledge Adventure (a.k.a. HNAM DataQuest), was an experimental venture for CVU. At

the same time, CVU was creating more traditional CBTs using standard project management
methodologies. In many ways the game development project was a “skunk-works” type
project.

Project Overview

The Vision

The vision was to develop a learning game for adults on the topic of Cerner's architecture. The
game needed to be engaging and fun while educational. That is, players not only needed to
learn Cerner's architecture, they were to have fun learning
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The Challenges

There were three magjor challenges in developing this game:

(a) Cerner’s architecture was thoroughly defined at a deep technical level and not at all
documented at the intermediate level needed for content in the game. This meant that
extensive tranglation was needed to move that knowledge from deep technical language
and abstract knowledge stored in experts heads into the concrete language needed by those
not familiar with the technology.

(b) Cerner Virtual University’s game devel opment team was staffed with individuals who were
committed to the concept of educational gaming but who had previously created a
computer-based learning game.

(c) The project was staffed as a skunk-works with most of the project’s team members
participating in multiple other projects as well as this one.

Project Champion

One of the first steps, as with any project, was to get one or more executive level champions
for the project. The primary champion was Cerner's Vice President of Learning, Dr. Robert
Campbell, E.D., who had the original vision of game on this topic for several years before it
came into being. He not only provided the vision; he financed and staffed the game
development team and guided educational decisions. In addition, he provided invaluable
feedback embedded in an abiding commitment to the concept of a learning game throughout its
development.

The second champion, Steve Oden, was a senior manager in engineering who provided subject
matter experts as resources and whose commitment to the concept created a demand within the
organization. He understood the game format and its value in creating learning for the intended
audience. He provided a long-term stability throughout many changes and effectively
represented potential audience. In addition, he often translated the deep technical knowledge
into lay-language, which is more accessible to novices and more effective in gaming. His
commitment to this learning product and to the skunk-works type project management process
ensured that the needs of the audience were continually bonded into the game's content and
processes while game development continued over an atypically long time period. These were
invaluable assets throughout the design and development process

The Game Project Team

Cerner Virtual University (CVU) started the project with a team of three — a multi-media
programmer, an internal project manager/instructional designer and a multimedia/instructional
design consultant. The multi-media programmer was the only full-time member of the team
throughout the life of the project. The internal project manager/instructional designer was
assigned half time to the project (and half time to several other projects). The consultant was
also part-time.

There were five key subject matter experts. Subject matter experts had extensive workloads
outside of this project. Their time commitment was less than two hours once a month. Due to
work demands, it was not possible to bring together all subject matter experts in one room. Nor
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was it possible to meet with any one person on successive days or even weeks. This ‘hit or
miss’ relationship with these key actors impacted the project management process
significantly. The knowledge needed had to be captured from them and translated into more
concrete language. Their limited availability added several challenges for the project team. As
a result, they mostly worked through the project manger/instructional designer and seldom
participated in design discussions with the rest of the development team. However, their long
standing patience and willingness to keep working on the project made it possible to complete
the project.

As the project progressed and deliverables demonstrated that the concept could become reality,
three more part-time specialists were added: a graphic artist/illustrator, part-time multi-media
architect and a part-time writer. Like the rest of the team, each of these new team members was
only partially assigned to this project while working on other major projects. The game
development project eventually had six people working on it even though only one of them

was assigned to the project full-time. However, each team member brought strong major
personal commitments to the idea of gaming as a learning method. Without their commitments
the game would not exist, as other key projects would simply have moved in and taken over
their time. They deserve considerable applause for their commitment and dedication.

As may be expected under the circumstances, significant overtime was needed by all team
members in order to make the game a reality. Even then, the project's deliverables were pushed
back many times. In part this was due to the part-time nature of the team. Some of this was also
due to the skunk-works nature of the project as well as the lack of experience the team had in
developing gaming and equally to the low availability of subject matter experts. Timelines
reported here are the actual timelines not the projected ones.

Educational Needs Assessment

Before starting the project, the project manager/instructional designer spent significant time
developing contacts and subject matter experts. The project officially started only after it was
determined that the content while available, was not clearly documented but mostly stored in
subject matter experts' heads and that this was in fact the content needed by others throughout
the organization.

The actual Needs Assessment was very primitive. The project manager/instructional designer
asked individuals in assorted roles throughout the organization to ‘describe the architecture’ or
‘explain the architecture.” Roles of individuals interviewed include programmers, instructional
designers, managers, product specialists, certification analysts, sales people. Their answers
were either a negative response (I can't) or a pat-answer that they could not elucidate further.
The need was very basic — to create a memorable and describable version architecture.

Deliverables

Few deliverables actually met their projected timeline. Accuracy of time estimates continues to
be a challenge for this team. Timelines reported here are the actual timelines not the projected
ones.

However, unlike other kinds of projects at Cerner Virtual University, this game had no
previous precedent within the organization and was kept relatively obscure within Cerner
Virtual University during its development stages. In many ways it was a 'skunk-works' type
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project. Therefore, sponsors were willing to reset timelines and continued to encourage
refining and improving this product.

Project Process and Deliverables

Phase I: Development of the First Game

1. Content gathering and determination of whether there was a game — November 97—Febru-
ary 98

This project had been started at least twice previously. The difficulty in gathering
information with sufficient breadth and depth had hindered previous development
efforts. Previous efforts had included definitions of high-level concepts and high-level
organizational visions of the abstract architecture. These had not provided sufficient
breadth or variety to allow for a game format. Uncovering the process/flow of the
conversation finally opened the design process providing sufficient breadth and depth
for this format.

2. Instructional Design and Engineering/Functional Designs—completed March 98

Needs assessment and design documents were somewhat cursory. The need was clear
and basic — new Cerner associates needed to understand Cerner's architecture and be
able to articulate it. The available documentation did not clearly describe the
architecture in lay language for the non-technical associates who are often the interface
with clients. Describing and teaching Cerner's three-tiered client/server architecture and
relational database became the key need

The design documentation provided the basic educational descriptions of needs,
outcomes, goals and objective and only very rudimentary descriptions of the projected
game and game play. Textbooks on game development helped some but did not provide
the experience to know what needed to be document and what did not. Therefore, the
functional technical designs evolved through skunk-works style proof-of-concept and

prototyping.

3. Determining Game Format—completed March 98.

The project sponsors recommended creating a drag and drop game similar to the
children's game, The Incredible Machine, for at least one portion of the content. The
team reviewed The Incredible Machine and considered several other options including
guest-style adventure games. In the end, a combination of both a drag and drop game
and a quest-style adventure game format were merged to create one game with several
levels of play.

Defining the intended format allowed actual game development to begin. The actual
decision was more ‘hunch’ and ‘faith’ and ‘vision’ than fact-based as there is little
research on use of different game formats for educational purposes.

4. Paper-based prototype (or Proof of Concept)—completed April 98.

A paper-based prototype and usability test was used to define and test game playability
—rules, images, some textual content, and some action. A side benefit of this
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methodology wasthat it allowed Cerner Virtual University to be more confident that the
end product would be both appropriate and useful. This confidence would be important
during the coming months of development and revision.

The key to the paper-based prototype was the involvement of an illustrator who created
graphics that were both fun and informative. The paper-based prototype was a large
white-board sized playing area on a magnetized surface. Each paper game piece could
be moved around the playing area as though one were dragging and dropping it on a
computer screen: it provided the look and feel of a drag-and-drop interface. Game
pieces were small graphics (2—3 inches square) printed on a colour printer with small
magnets attached. On the back of each game piece was additional support material in
the form of textual messages about the role and function of the game pieces.

During paper-based play, players were asked to think out loud in order to help the
testers understand the player's unique perspectives and issues. Playing the game during
the paper-based prototype phase involved picking up game pieces and placing them on
the playing surface where they ‘stuck’. If a player needed help, they could pretend to
press the HELP button to receive additional hints. HELP was free-form discussion used
to find out what kinds of questions people had about playing the game as well as what
kinds of answers helped players move forward with the play.

When the players were ready to run the game, they simulated pressing a run button and
one of the testers played the role of computer moving graphical game pieces. If the
game pieces were not correctly organized, the computer role-player would provide an
error message explaining only that this was the wrong game piece for that location.
Game players then had to correct that error and press run again to find out whether there
were additional errors. It was clear even in the paper-based testing stage that with every
error players learned more about architecture. It was also clear that most players had
fun with this format.

Some players worked hard to get the ‘right’ answer the first time and were very
frustrated when they made any error; they became visibly more tense at each feedback.
Others played the game by trial-and-error. They would make a reasonable guess about
which piece to place next, press run and learn from the next error message — they
became visibly more concentrated and relaxed with each feedback.

Using a paper-based prototype was both an effective test of the game play and a
learning experience for the game developers. In addition, there were several side
benefits of the paper-based prototype. Having a paper-based prototype allowed us to:

(a) Show progress at a stage of development, which is otherwise extremely abstract.

(b) Test our ideas with subject matter experts, sponsors and a small group of volunteers
without significant investment in the concept of a game as a learning tool.

(c) Generate enthusiasm and additional commitment for the project.
(d) Show subject matter experts where additional content needed to be developed.
(e) Define how the computer should interact with players.

() Define how different learning styles/approaches would need or want to use support
materials and hints.
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5. Computer-based prototype—June 98

Once a paper-based prototype was available work began on a computer-based
prototype. As the computer-based prototype emerged it became clear that the chosen
development language/tool would significantly influence the resulting game. There was

a hot debate around this issue. We changed languages mid-stream several times in order
to find one that would provide quick development and a pool of programmers who

could work with the language.

We tried Java, VisualBasic and ToolBook. Each had advantages and disadvantages.
Eventually, the multi-media programmers settled on ToolBook as the tool of choice.
Once chosen, the team revisited game rules and imagery issues. Key issues of debate
were:

(a) Did the images provide both tacit and explicit clues to support their function within
the game's architecture? (Was it better to use images specific to computer hardware
and software such as CDs and system towers or to use metaphorical images such
those chosen around transporting the message? Was it necessary to follow a theme
or could players handle working with unrelated images?)

(b) How many times would a player be required to play each level? Would ‘fun’ be
enough to draw people back to play it over and over?

(c) How could we measure learning? Was it possible to get the ‘right’ answer without
learning anything?

(d) How much text was needed? When and where was it needed? How obvious did the
text need to be the player (e.g., should it appear automatically or require a mouse
click, etc.)?

(e) Did we need to provide text explaining how to play or simply allow users to
discover the rules of play as well as the educational content built into the game
pieces and their relationships?

() How technical did the language need to be? Could we move non-technical players
into understanding and comfort using technical terms without defining and using
those terms?

(g) How easy or difficult should it be to get to supporting documentation such as a
glossary, explanations of the technical process, etc.? How many steps might make it
too difficult for the player to get supporting information? What automatic
presentation of supporting information would be obnoxious to players?

The ‘play’ that was tested in the prototype was not exactly how the game could be
played in a computer version. Many discussions ensued as each element of play was
hashed out and as each image was evaluated and justified or changed.

In addition, as game play changed imagery changed. For example, at one point the
game pieces for one level of the game were assigned ‘in’ and ‘out’ areas on the left and
right of each game piece respectively. Over time, these areas moved up or down the
game pieces due to programming issues or changes in the definition of how to play the
game. Inturn, as the design of the game pieces changed the rules of play changed. It
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was an iterative change process fraught with strong emotion as everyone had their own
perspective of what the players would need.

In addition, there were many ideas that seemed reasonable in the paper-based format or
document stages but were difficult to re-create in programming. The challenge here was
to determine what concepts, interactions, educational theories, content, user interface
requirements, and programming language/tools limitations were at stake and find ways
to balance them and retain or improve the engaging, fun nature of the game while
teaching certain content. For example, one portion of the play had a background of
many lakes connected by rivers where the lakes represented data tables and rivers
represented relationships between tables based on keys. This playing area was actually
nine times larger than the visible playing area on screen. Considerations included how
to make a canoe (the person ‘fishing’ for data) manoeuvre the rivers. The team
considered issues like the use of a world map and close-up maps, how to provide an
overview so that the player would know which lakes (tables) they might need and

where currently outside their visible play areas, etc. It worked well in the paper-based
prototype. However, computer prototyping demonstrated the severe limitation of this
model on-screen. After much reworking, the resulting play area fit within one play area
window, had a hydroplane fly to any lake on a double click, and provided detailed
information about lakes on (single click) menus available for each lake.

6. Final game: Beta version — October 98

Creating the final product meant coordinating images with action and text. Much of the
text-based content development was from ‘scratch’, as it needed to be in lay language
not technical language. Of course, this new content had to be validated by subject
matter experts, revised, revalidated, etc. Since subject matter experts were difficult to
reach, had competing demands on their time and, when available, found the translation
of their technical expertise into lay language difficult, it meant that instructional
designers wrote the first draft — and the second and third drafts until they got the
translation correct. Then textual content was often revised and revalidated at least once
more, as available space was not sufficient for the original content. As the project
neared completion, the multimedia writer took over fine-tuning and finalizing the text

to be sure that it both fun and understandable.

During this stage, interface imagery changed almost daily as button designs, button
placement, text placement, themes, borders, colors, and game piece images and
relationships between game pieces and interface changed and changed again. At every
iteration images, text and action were continually tested against usability.

With strong owners of imagery, text, and action pitted against each other and against the
usability and education theorists, this stage was fraught with tension. However, it was
also filled with zest and enthusiasm for the emerging product. At each iteration, it was
clear that the resulting game got better and better.

As a team we also came to agreements over time on key theories which we felt needed
to be consistently handled the same way throughout the game. The battle cry became,
‘Is it fun? Will they come back and play it again and again?’ We had finally decided that
we could overcome the issues inherent in the massive, complex and difficult content if
we could get players to come back and play the game at least three times.
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Usability and content testing continued throughout this phase. However, subject matter
experts, learning specialists and sponsors were the major audience along with few new
technical associates who had also participated in earlier alpha testing.

However, finalizing the game did not end the development.

7. Testing—November/December 98

Once the beta version was available, it became imperative to test both usability and
learning. We wanted to know from the intended end-user audience whether or not the
game (@) taught them what they needed to know, (b) was playable without classroom-
based/instructor support and (c) was fun.

In addition, since the game is a form of orchestrated immersion and since orchestrated
immersion often overwhelms learners, it became important to define players learning
and emotional states during play.

Orchestrated immersion learning provides such massive content to learn and multiple
paths through which to learn that most learners shift from modes they use in more
traditional learning to deeper learning modes. However, a few individuals will
‘downshift’ during the early stages of orchestrated immersions. They freeze. If they
have appropriate intervention, they can turn around the anxiety, fear and frustration and
begin to learn. However, in a CD-based game, there may be no one available to
intervene. This downshift and freeze may result in these individuals simply quitting
and never returning. We needed to know what caused the downshifts, when and where
in the game play

We had provided a semi-active agent who was intended act as coach and to prevent the
downshift. However, the rules for this agent were limited. In addition, the programming
necessary for its active (or rather semi-active) status had it behaving in a nearly passive
mode. That is, the active agent popped up with some fairly generic text comments
appearing in a small window and providing some coaching hints. There are three
problems with the agent, which will need to be resolved in future productions:

(a) The text for coaching was not robust.
(b) The rules activating the agent are limited in scope.
(c) The agent does not intervene as much as it appears temporarily in a small window.

(d) The agent's behavior is mouse-sensitive — if the player is moving their mouse when
the agent appears, it immediate disappears. This means that some players never see
the agent.

In order to find out how to make the active agent more effective in the orchestrated
immersion-game format, we needed to find out what individuals did during play which
would indicate that they were experiencing downshift or that they potentially heading
for a downshift.

The test process included a pre/post test and observation of players. In order to observer
fifteen to twenty players, we needed to mobilize a team of observers. Observer training
was provided.
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Our test audiences were new associates still in their first two weeks with Cerner.
Observations were done in one large room with many players to one observer.

Observers reported observed learning states and usability factors at five-minute
intervals. Players self-reported their own learning state at twenty-minute intervals.
Learning state was reported on a grid whose X axis was emotional state and Y axis was
attention behaviors. The X axis ranged from frustration to confidence. The Y-axis
ranged from chaotic/unfocused behavior to concentrating/ focused behavior.

Learning State Observation Grid

Concentrating/Focused

Confident Frustrated

Chaotic/Unfocused

Results were mixed. Observers were inconsistent in their observations. Few observers
managed to report 12 data points per player. However, some useful information did
appear. Players seem to fluctuate learning states on 15-20 minute intervals and as they
changed levels of play. The majority (80%) of players started out each level feeling
somewhat to highly confident and somewhat to highly concentrating and focused.

They became frustrated and more chaotic during the next 5-10 minutes. Most were
able to turn that chaos and frustration around. A small percentage (15%) remained in
that state of frustration — they got stuck in a downshift and could not get out.

8. Refined game based on test results: Full-release version — January 99

Usability observation results identified areas for quick changes that could be made
between a beta release and a full-release. These changes included a new strategy for a
tutorial, fixing some bugs, providing the active agent with a few more hints, modifying
the action slightly in the hopes of preventing downshift and frustration at one key point
and fine-tuning some of the architecture for improved performance.

The first full-release version was provided to users in March of 1999. It is still being
tested. Changes are planned for the next version.

Over 350 individuals are using the beta-release version of HNAM DataQuest with more
about 700 more individuals waiting semi-patiently for the full-release to come through
the CD product house's production cycle.
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Phase Il: What is next?

Complicating Factors

Many factors increased the inherent difficulty of the task. The innovativeness of the product is
only the outward sign of many innovationsin project management, development processes and
teamwork. Everything from team resourcing to availability of subject matter expertsto
previous experience with gaming to choice of development language added complexity to this
project. In addition to the traditional project management challenges, this project experienced
some unusual challenges in deciding on the development language and in deciding on uses of
imagery and text.

Development Language(s)

The choice of development languages aso created challenges. The full-time multimedia
programmer started with Java, which was a new language for him and for which he had no in-
house support system. Eventually, the project moved to Visual Basic where the project
consultant had expertise. In order to moveto Visual Basic, the multimedia programmer learned
a second new language. Development still was not as flexible as desired. Eventually the team
moved to ToolBook where prototyping went faster and in-house expertise was availablefrom a
multimedia architect. However, this meant that the multimedia programmer learned athird
language in order to move to Tool Book.

Imagery

Imagery was always a hotly contested topic. Everyone has their own way of perceiving reality
and nothing was more controversial than the graphics of the game. The team acquired an
illustrator who saved the day by producing fun images at an unbelievable speed. The game
would not have had quite the same impact with clipart graphics.

Interface issues often ended-up in graphical redesign. Graphics were changing right up to the
final days before full-release.

Text

Words move the tacit knowledge of imagery and game action back into the realm of explicit
knowledge. Text was the under-valued aspect of educational gaming. Since thereislittle
research available on the design aspects of education gaming, the team under estimated the
value and importance of the text both for content and for game-playing guidance. The fun,
precise and clear lay language describing each of the game piece and the matching fun, lay
language videos were as vital to the overall impact of the game as was the game action.

Hints and tutorial were a hotly contested issue throughout the game design. Eventually we
provided a combination of hints including suggestions of functions that should be found in the
next game piece. The tutorial was re-written between beta release and the first full release.

Support information was of less interest even though it is necessary for some learners whose
learning styles prefer text-based factual documentation. It had to be available even though the
majority of game players may never find it much lessread it. Support information included a
glossary, FAQs, overviews of each level of play and access to video segments.
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Phase 11 of the Project-What's next for the game development team

The beta-release and first full release of HNAM DataQuest have three levels of play embedded
inthree scenarios. In other words, the play isfairly limited. Additional levels of play need to be
developed. A process for generating content and images has been drafted. The team needs to
test that process. In addition, a scenario generation engine has been built which should increase
the speed at which scenarios and levels of play can be built. In fact, instructional designers and
technical writers can now do the majority of the work in designing scenarios. Programming
will still be needed to integrate al the elements as well asto improve the quality of play.
Programmers will be focusing on improving responsiveness, making the active agent more
effective, building an external reference tool that allows content to be found outside of gaming,
and building development enginesto allow other instructional designers to develop more
gamesin thisformat.

Summary

The HNAM DataQuest project was experimental in both its use of gaming for an educational
methodology and its use of resources. The HNAM DataQuest game project required nearly one
and a half years to complete due to constraints of part-time team members, limited access to
subject matter experts, and team members who were new to computer-based game
development.

Gaming as alearning delivery tool is not fully accepted as an adult education methodol ogy,
which contributed to the experimental nature to the project. However, the project was
completed within a skunk-works type environment that allowed for experimentation and
adjustments of timelines. Through the process of developing the game, team members learned
asignificant amount about the application of learning theories and their own personal learning
experiences to a new methodology.

The HNAM DataQuest game is providing learning opportunities for nearly fifteen hundred
Cerner associates. Testing proved that associates could develop the mental model needed to
articulate Cerner’s three-tiered client/server architecture and relational database.

Educational games can be effective learning tools. As their acceptance grows, project
management methodologies can be fine-tuned and standardized. At this time education game
projects in corporate education are the exception rather than the rule. Therefore, the structures
and processes needed to work an educational game design project are often hit-and-miss. The
HNAM DataQuest team used traditional project tracking tools and invented many
communication tools. However, in the spirit of innovation and entrepreneurship, technical
design documentation never did get created. Decisions about content, use of text, use of
imagery, and use of development language were team decisions and, as with team decisions in
inexperienced teams, took longer to finalize than they may have with a more experienced team.

As many corporations develop learning games for adults where the content and game
methodology are complex enough to require complex project management methodology,
educational game project managers and project teams will need to develop specific
methodology for game projects. Specific methodology that includes design tools, technical
documentation of functionality, and clarification decision processes will decrease the time
required for game development.
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Abstract

Cerner Corporation’s Cerner Virtual University (CVU) created a computer-based game,

HNAM DataQuest: The Millennium Architecture Knowledge Adventure, to teach technical
information systems concepts. This game was designed to match knowledge required with
instructional and game design strategies chosen. CVU needed to determine whether or not the
game taught the concepts intended was determined through pre/post testing. Therefore, if the
game was properly designed, then an increase in delta of post-test minus pre-test scores would
indicate the extent of new knowledge acquired by the learner-players. While not a broad-base
scientific study, this report of CVU'’s results with computer-based gaming provides support for
the use of games designed expressly to teach specific knowledge. The change in post-test
minus pre-test scores indicates that only game playing could have produced ratios of this
magnitude.

Introduction

This introductory section provides an overview on the development of Cerner Corporation's
learning game, a review of the literature and the questions posed by the development of this
product.

Development Background

In 1998, Cerner Virtual University, (CVU), developed a computer-based learning game to
teach core processes and knowledge of Cerner’s three-tiered client/server architecture and
relational database. The resulting prodbldtAM DataQuest: The Millennium Architecture
Knowledge Adventure (a.k.&INAM DataQuest), was an experimental venture for CVU. As

CVU worked through the development of this game, one of the reoccurring concerns was
whether or not adult learners could actually acquire new knowledge through this medium.
Therefore, a testing plan was developed and the results, based on the delta of post-test minus
pre-test scores, were analysed.
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Literature Review

A review of the educational literature provided limited data on whether or not learning occurs
during gaming even though many educators firmly believe in and back gaming as an effective
educational methodology. McMullen (1987) provided the only available data demonstrating
that games were more effective than drill and practice CBT. However, hiswork was done with
sixth-graders and not with adults. Dempsey and colleagues (1996) reviewed 100 games and
found little substantive research on how to use computer games for educational purposes.
Furthermore, Demsey proposed that games were designed to be entertaining rather than
educational and that, consequently, learning was incidental. Wolf (1997) found only one case
study existed that controlled learning outcomes produced by a business game (1975). Merrill
(1999) indicated that the research isinsufficient to prove that learning doesin fact occur during
gaming.

Therefore, a pre- and post-eval uation was needed to determine whether or not Cerner

Corporation’s target audience had in fact acquired the new and essential knowledge presented
in the HNAM DataQuest. During beta testing for this product, CVU used a simple pre/post test
and observation procedure as one element of its usability review. This testing was aimed at
resolving whether or not gaming can be an effective learning strategy for adults learning highly
technical content.

Questions Posed

CVU needed to determine whether or notekgerimental HNAM DataQuest game was an
effective learning tool and to what degree and where it was and was not effective. Likewise,
CVU wanted to know whethétNAM DataQuest taught the concepts it purported to teach.

The guestions that needed answers were:

1. Do computer-based games teach adults?

2. DoesHNAM DataQuest teach the Cerner-specific information systems concepts it purports
to teach?

3. Can learning occur through a computer-based game whose format matches the learning
content desired?

4. s ‘length (in minutes) of play’ a factor that influences, whether or not, learning occurs?
Methods

This section describes the intended user audience, education design basis, and game strategy
related to instructional design strategy. The final sub-section defines the match of audience,
design and game strategy to the testing procedures.

Audience

This section reviews the match between the intended and tested learner-player audiences using
three factors (roles, computer experience, and Cerner experience). Other factors were not
specifically measured but may have influenced learning; these factors are identified. Overall
the tested audience did match the intended user audience.
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(a) Intended Audience.

The intended audience for the game was ‘anyone at Cerner who worked with Cerner's
HNAM Millennium products’. The targeted range of role titles identified included:

(1) Application Developer;

(2) Application Specialist (a technical implementation consultant);
(3) Learning Analysts.

(4) Project Architect.

(5) Project Executive.

(6) Project Manager.

(7) Sales Consultant.

(8) Systems Analyst/Systems Engineer.

(9) Technical Writer.

(10)Tested Audience Roles.

Twenty-nine (29) individuals were tested. The test audience included the following roles
and the number (#) of tested individuals in each role:

(&) Account Manager (2),

(b) Application Developer (2),

(c) Application Specialist (3),

(d) Call Centre Support Specialist (2),
(e) Certification Analyst (2),

() Functional Architect (1),

(g) Learning Analyst (1),

(h) Learning Coach (1),

(i) Multimedia Writer (1),

() Role not identified (2),

(k) On-line help Developer (2),

() Project Architect (5),

(m) Sr. Manager (1),

(n) Sr. Marketing Communications Specialist (1),
(o) Systems Analyst (2), and

(p) Technology Technical Consultant (1).

This tested audience included the needed roles and, in fact, represented a broader audience
than required.

(b) Audience experience level.

The test-audience included both new associates with no Cerner experience and experienced
Cerner associates as described in the Table A. The newest Cerner’s associates start
employment at Cerner with a range of computer skills from no-previous computer
experience to highly experienced information systems management backgrounds. Those
who had information systems backgrounds would have general information systems
knowledge and not specifics about Cerner’s architecture. Current Cerner associates should
have experience both with computers and with Cerner’s specific information system.
Therefore, in background experience with Cerner’s products and/or with general

information systems experience the individuals tested adequately represented the typical
Cerner audience — both experienced and newly hired.
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The experience level of the 90 minutes-of-play group (Table A) was sufficiently different
from other groups to impact their pre-test scores. This group started with more Cerner
experience, more computer experience and more database experience than the other
groups. Therefore, this group was expected to start with higher pre-test scores and show
less change overall.

Thetest groups were arbitrarily assigned based on the date when individual s participated in

testing. Thefirst group tested were internal associates who had been with Cerner a number

of years. Subsequent groups were new-hires, who had been with Cerner for only afew

weeks even though some of them had worked with Cerner’s products in previous
occupations. All were volunteers willing to take from other work to assist in testing a
product. Some of the new associates had information systems experience and others did
not. All together, the test audience adequately matched the intended Cerner audience. (See
Table A).

Table A: Average Audience Experience Levels by Length-of-play Groups and
Composite-of-all-play Group

90 minutes| 60 minutes 30 minutes Composite
of all play
Number of Individuals 7 20 3 30
Years w/ Cerner 1.44 0.00 0.00 0.34
Computer experience 4.71 0.00 3.67 3.33
Database experience 2.57 0.00 1.67 2.13
Cerner products experience 1.71 0.00 1.00 1.038

(c) Tested audience gender balance.

The test audience was a random audience not selected for gender. However, it did contain
both male and female learners in all length-of-play groups. There was a reasonable balance
of men and women in each group in approximately the ratio that would be experienced
throughout Cerner. However, gender was not a controlling factor, was not tracked, and has
not been reported as a factor of results.

(d) Tested Audience Age Balance:

The test audience was a random audience not selected for age. Participants ranged in age
from young college-graduates (approximately 21 years) to those over fifty years old. The
mix of ages in each group was approximately the same balance as would be found
throughout Cerner. However, age was not a control factor taken into account in the design
of testing, was not tracked, and, therefore, has not been reported.

(e) Tested Audience Learning Styles/Thinking Preferences:

The test audience was a random, self-selecting audience not selected for specific learning
styles or thinking preferences. Since this was not a variable for which the testing
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controlled, and since the audience appears to have matched Cerner’s typical associate
audience, it was assumed that a wide range of learning styles and thinking preferences were
represented. Some learner-players found gaming as a learning format easy, intuitive, and
enjoyable while others found it difficult and less informative that other modes of
presentation. These personal responses to the game format indicate that differences in
preferred learning and thinking modes affect learners. However, the impact of match (or
non-match) between preferred learning/thinking modes and learning was not a control
factor taken into account in the design of testing, was not tracked, and, therefore, has not
been reported.

Match between tested and intended audiences:

The test audience effectively represented the intended market audience within Cerner in
terms of roles, length of service within Cerner. Even though gender, age and experience in
the information systems industry were not factors for which the study was controlled they
were not noticeably out of alignment with Cerner’s audience.

The Educational Design Basis

This section discusses the selected instructional design strategies intended to enhance and
highlight the desired outcomes.

(a) Basic Design Principles

Key learning principles used by the HNAM DataQuest design team included: a] goal-based
learning events with rich learning environments motivate learners to explore and facilitate
learners discovery of underlying concepts and principles for themselves (Caine and Caine)
(Shrank), (b) PEASs (process, entity, and attributes) provide motivating and memorable
content (Merrill), (c) Just-in-time (JIT) learning support to create a rich environment
controlled by the learner, and (d) experience (including mistakes) provides the basis for
learning (Gagne, Briggs, & Wager.)

(b) Applying goal-based learning events

The game’s learning environment was a resource rich situated learning environment similar
to goal-based scenarios. Light-hearted, fun visuals and sound were added to increase the
inherent motivation of problem-solving for goal. The rich environment provided many
ways to solve the inherent problem and discover the underlying architecture’s structure.
Synthesis and review opportunities moved the tacit knowledge discovered in play into the
explicit realm and reinforced learning.

(c) Applying Process, Entities, and Attributes (PEAS)

The ‘play’ of the game was based on two central Cerner process which together dramatized
Cerner’s three-tiered client/server architecture as it accesses its relational database.
Conflict and motivational tension of play were created through the use of entities as game
pieces. Each entity had: a] a unique light-hearted, fun, metaphorical image which became
its game piece, b] distinct relationships to other entities, and c] unique attributes that must
be understood to successfully play the game and build the correct relationships and
processes.
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Key processes were reflected in the connected path (between game pieces) on the playing
area. The action of animated cartoons moving between entities reinforced relationships by
dramatizing each entities input, output and relationship to other entities as they moved
between game pieces. Depending on the state of the game the cartoon-reinforcement
varied. When two game pieces had been connected correctly: & the name of each entity
appeared on-screen above the entity as it was touched by an animated cartoon, b] the entity/
game piece animated, ¢] an animated cartoon was generated as output, and d] that output-
cartoon moved to the next entity/game piece asitsinput. However, where a given entity
was incorrectly ordered, play stopped and error feedback appeared. The informational text
in the error feedback reinforced the relationships and output of previously successfully
encountered entity/game piece and provided hints and additional information about entities
that might use the most recent successful output as their input. Error feedback did not
provide a ‘right answer’ but encouraged continued exploration of relationships and
attributes.

Attributes could be discovered many ways: through observation of the animation of game
pieces, through use of the error feedback as previously described, or through use an
attribute menu was available on each game piece. For each game piece the following
attributes were available on the attribute menu:

(& Who am 1?

(b) Where do | live?

(c) What do | do?

(d) What is my input?

(e) What is my internal process?
() What is my output? and

(9) To whom do I relate?

Attributes described the essential functions of a given entity and its relationships to other
entities.

(d Rich JIT Learning Support:

Just-in-time learning support was provided in order to strengthen learning and support a
wide variety of learner-players’ preferred learning and thinking modes. Learning support
tools provided: a] Rules of road explaining how to play and what constituted ‘winning’, b]
Tutorial on how to move and connect pieces, c] Hints (both automatic hints and hints-upon-
user-request were available), d] Supporting documents describing Cerner-specific
processes, events, and interactions, e] A summary video synthesis at the end of each round
of play, and f] FAQ (Frequently Asked Questions) documents providing information about
game play as well as information about Cerner processes and entities.

(e) Experience (including mistakes) provides the basis for learning

Traditional adult education theory states that experience — active involvement —in learning
is more valuable for adult learners than are more passive learning interventions (e.g.
listening to a lecture). HNAM DataQuest was an active learning intervention, which
provided a fun way for learner players to develop and test their understanding of Cerner’s
HNAM architecture. Mistakes provided opportunities to delve into the content at a deeper
level. Successes were reinforced with light repetition, synthesis, metaphorical images and
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opportunities to go to deeper and complex levels of understanding. Each round of game-
play was another experience and another learning opportunity.

Game Strategy Related to Instruction Design Strategy

This section discusses the chosen game design strategies and their relationship to instructional
design. Game strategies considered included: ‘twitch’ play, ‘strategic’ play, and the use of
violence.

(a) Twitch Play vs. Strategic Play:

The design team defined ‘Twitch’ play as the video-like game strategy where speed and
eye-hand coordination were key learner-player actions. Learner-players were scored on
how fast they could accomplish the given task with the fewest errors. Building and
organizing servers and databases were not deemed to be speed tasks or eye-hand
coordination tasks. Twitch speed did not match the content or purpose embedded in PEASs.
Therefore, ‘twitch’ video-like gaming was deemed an inappropriate strategy -- one that did
not support the instructional design.

‘Strategic’ play was defined as gaming formats that focused on discovery of relationships
and on uncovering the consequences when incorrect relationships are played. Organizing
servers and selecting data fields from relational data has strategic relationships which
learners needed to uncover. The relationships and consequences inherent in a strategy game
format did match the PEA design and desired content. Therefore, a strategic game format
was chosen.

(b) Violence in Play:

The design team considered the use of violence (killing off aliens or monsters or shooting
down planes) to imply removing something from the play and equated that to destruction or
loss of that entity. It was deemed inappropriate to imply that loss of information, servers,
data or information services would be acceptable in an information system. Therefore,
violence was not used in the desigrH)fAM DataQuest.

Testing Procedures

This section provides an overview of the test design, the testing procedures and describes how
these were matched to the instructional design. The test design is less than scientific due to
the nature and timing of the usability review in which it was embedded.

The specific pre- and post-tests and test-scoring procedures were designed to match the core
knowledge outcomes required and to ensure thatiaM DataQuest game was the only

learning intervention that could have created the change in test scores. Three groups of test
participants playetHNAM DataQuest for different lengths of time. These three length-of-play
groups provided the resulting data on the difference that length of play (in minutes) made in
the amount of learning occurring through playing HNAM DataQuest.
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Match of Game Design to Core Knowledge Outcomes:

The instructional design and game play format of HNAM DataQuest were specifically and
intentionally selected in order to match the intended learning points and outcomes. Thus,
learner-players were tested to determine whether or not they had learned the intended
knowledge of processes, entities and their attributes. It was expected that HNAM DataQuest
learner-players would show a positive change (delta) for their post-test scores minus their pre-
test scores.

Testing Process:

A simple pre/post test was used to test change in knowledge. The test contained five multiple-

choice questions and three short essays. The questions and their responses were the same on

the both the pre- and post-tests. However, the sequence of questions and the order of each

guestion’s responses were re-ordered in the two tests to encourage test takers to think about
their answers and to minimize rote memorization of questions and answers. The five multiple-
choice questions were specifically focused on outcome knowledge needed. Each of the
multiple-choice questions was designed to include at least one wrong answer, one answer that
novices commonly use, at least one industry-standard answer that individuals trained in
computer science would choose as well as the Cerner-specific answer that was preferred.
Ratings on each answer indicated degree of preference for that response with 10 points being
the preferred Cerner-specific response. The three essay questions were typical of questions that
Cerner associates might be asked by a client about key technical concepts taught in the game;
such as Cerner’s three-tiered/client server architecture, the interaction between tables and keys
in the relational data base, and the purpose and use of servers.

Length-of-Play Groups:

Testing done in groups where each group’s length-of-play varied: 90, 60 and 30 minutes of
play. There were slight variations in group’s membership. Group membership was determined
by the date on which the game was played and participants self-selected. This resulted in
groups with uneven experience and backgrounds.

The 90 minutes-of-play group was composed of individuals who worked in an isolated testing
station with no other players around them. In each case, one beta-test observer monitored both
the test-taking and the game-playing. After completing the pre-test, these individuals used
approximately 90 minutes to complete all three scenarios of the game. They were given the
post-test immediately after completing their play. In total, this experience was a two-hour
commitment to an intense process. Learner-players appeared mentally drained and exhausted
at the end of this process.

Other learner-players tested and played the game while working in a classroom group situation
with other learner-players around them. Each worked independently; they did not interact with
each other. An observer monitored each person's test-taking and game-playing. Each person
was given a pre-test, given time to play and then asked to complete the post-test. A sub-
segment of this group was asked to take the post-test at 30 minutes-of-play and was then
allowed to continue playing. This sub-group was not tested at 60 minutes-of-play. All other
learner-players worked for one hour and were given the post-test after one-hour regardless of
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how far they had progressed within the game. This 60 minutes-of-play group was the largest
number of individuals tested.

Scoring Procedures

Test scores were tabulated using a simple spreadsheet and differences (delta) between pre- and
post-test scores on each question were determined as follows. Preferred answers were specific
to Cerner’'sinformation systems, while other answer were less preferred even though correct
within the information systems industry generally. Some answers were not at al acceptable.
Therefore, the multiple choice questions received 10, 5, or 0 points for the correct, industry
accepted, or all other responses, respectively.

Essay question answers were evaluated for accuracy, clarity, and brevity. Rambling answers
were considered to show alack of understanding and an inability to effectively describe to a
client the point of the question. Therefore, an answer could have been technically accurate and
may not have received full points. Points given were: 10, for clear, accurate and concise
answers; 8 for technically correct but wandering answers; 5 for correct on at least half of the
concept, 3 for partial answers less than half correct and O for every other answer.

The results were analysed both on a one-tailed regression analysis by the time spent and finally
by delta, change in response to specific questions related to which elements of the game had
been completed during their play.

Testing Controls

Testing was not controlled for:

(@) Gender differences.

(b) Agedifferences.

(c) Learning style/ thinking preference.

(d) Impact of violence (or lack thereof).

(e) Choice of playing format — strategy versus twitch.

Testing was controlled for content that matched instructional design (PEAs) and for length of
play. Testing was controlled for length-of-game-play, where length-of-game-play was the only
learning intervention available between pre- and post-tests.

Results

This section reports the test data as it is related to each of the following four questions:

1. Do computer-based games teach adults?

2. Does HNAM DataQuest teach the Cerner-specific information systems concepts it pur-
ports to teach?

3. Can learning occur through a computer-based game whose format matches the learning
content desired?

4. s ‘length (in minutes) of play’ a factor that influences, or not, whether learning occurs?
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Do Computer Games Teach Adults?

This section considers whether or not learning occurred across all groups of learner-players
tested regardless of length of play. Test results are reported in Tables B (pre-test), C (post-test)
and D (Delta Mean and Significance).

Table B: Table B: Pre-Test Range, Median, Mode, Mean and Deviation For Each
of Three Length-of-Play Groups and the Composite-Of-All Play Groups

90 minutes | 60 minutes | 30 minutes | Composite
of all play
Pre-test Minimum Score 15.00 0.00 14.00 0.00
Pre-test Maximum Score 70.00 56.00 40.00 70.00
Pre-test Median 55.00 22.50 35.00 30.00
Pre-test Mode #N/A 0.00 #N/A 0.00
Pre-test Mean Score 48.29 23.60 29.67 29.97
Pre-Test Mean Percentage | 60% 30% 37% 37%
{?(r)e;Test Standard Devia- 19.12 18.20 13.80 20.37
[

Table C: Table C: Post-Test Range, Median, Mode, Mean and Deviation For Each
of Three Length-of-Play Groups and the Composite-Of-All Play Group

90 minutes | 60 minutes | 30 minutes | Composite
of all play

Post-test Minimum 35.00 15.00 25.00 15.00
Score
Post -test Maximum 75.00 60.00 35.00 75.00
Score
Post -test Median 70.00 40.00 33.00 40.50
Post -test Mode #N/A 48.00 #N/A 30.00
Post -test Mean Score | 62.86 38.10 31.00 43.27
Post -Test Mean 79% 48% 39% 54%
Percentage
Post -Test Standard 14.14 12.00 5.29 16.14
Deviation
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Table D: Table D: Significance of Change for Each of Three Length-of-Play
Groups and the Composite-Of-All-Play Group

90 minutes | 60 minutes | 30 minutes Composite
of all play

Deltain Minimum Score 20.00 15.00 6.00 15.00
Deltain Maximum 5.00 4.00 1.00 5.00
Score
Deltain Median 15.00 17.50 4.00 11.00
Deltain Mode #N/A 48.00 #N/A 35.00
Deltain Mean 14.57 14.50 3.67 13.43
Deltain Mean 18% 18% 5% 17%
Percentage Correct
Deltain Standard (4.98) (6.21) (2.35) (3.91)
Deviation
Significance <.01 <.01 >.05 <.01

As seen in the comparison of Tables B, C and D, the mean change delta of post-test minus pre-
test scoresfor each length-of-play group and for the composite-of-all-play group indicated that
learning did occur regardless of length of play. That is, the scores on the post-test questions
increased an average of 13.43 points or 17% for most individuals regardless of how long they
spent playing the game. Learning was directly related to the HNAM DataQuest game
intervention asisindicated by a significance of <.01 for all groups. This positive delta
indicates that learning of new concepts or refining of industry-standard concepts to fit the
Cerner-specific model did occur.

The smallest deltas were shown for the 30 minutes-of-play group, which had completed only
one round of play. The size of this group (three participants) made it difficult to arrive at any
valid conclusions. With asignificance greater than 05 (>.05) for the 30 minutes-of-play group,
learning probably was directly related to game intervention even though the significance of
this change can not be validated from this test-group. Other indicators of learning include
specific responses to questions which learner-players had touch during play versus those they
not touched (see Question 2 and Table E.)

The deltas and significance of changes (<.01) shown on Table D were strong for both the 60
minutes-of-play and 90 minutes-of-play groups. Learning was definitely happening in these
two groups and, since the only intervention was the game, learning was related to HNAM
DataQuest.

All together changesin test responsesindicated that learner-players gained knowledge through
playing HNAM DataQuest. L earning was happening generally across groups even in the 30
minutes-of-play group where change was the weakest. 2. Does HNAM DataQuest teach the
Cerner-specific information systems concepts it purports to teach?
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This section considers whether or not learning occurred for Cerner’s specific information
systems concepts. Test results reported in Table E provides mean change in responses for
each of the eight (8) questions tested.

Overall the delta for most questions was positive and the mean overall change in scores
averages a 13.43 point increase or 17% change per test. Change appeared to be occurring
across all length-of-play groups for all questions. In particular, questions demonstrating

change were those for which the majority of leaner-players had come into contact with their
concepts during play. That is, the 30 minute-length-of-play group had not yet experienced the
request server and may not have experienced the relational database while most or all members
of the other two groups had experienced these concepts at 60 or 90 minutes-of-play.

Table E: Table E: Pre- to Post-Test Mean Change (Delta) In Scores By Topic/
Question for Each of Three Length-of-Time In Play Groups and Composite
of All Play Group

90 minutes | 60 minutes 30 minutes  Composite |of

All play

3-tiered Client/Server 2.86 5.00 1.33 413

architecture

Conversation (1.43) 1.00 (1.67) 0.17

Relational database 2.86 1.25 0.67 1.57

Functions of a request server | 0.71 3.20 (0.67) 2.23

(a specific Cerner server)

General functions of servers | 0.00 (0.50) 1.33 (0.20)

as a class

Describe conversation 2.57 2.30 1.00 2.23

Describe tables and keys 4.00 1.10 0.00 1.67

Describe Purpose of servers 3.00 1.15 1.67 1.63

Mean Change In Pre-Post 14.57 14.50 3.67 13.43

Test Scores

Overall Increased % Correct 18% 18% 5% 17%

Deltas did decrease for some questions. A decreased delta could have been indicative of
‘unlearning’—the change that occurs when one discovers that their current model is incorrect
and they are groping towards an improved model but have not yet discovered it. This was most
likely to be happening for individuals with some industry standard knowledge who discovered
that Cerner's specific model differs a little from theirs.

In the version oHNAM DataQuest tested by learner-players (the beta version), players were
required to build the conversation three times—once for every round of play. They complained
that this was tedious and frustrating. This may have been a factor in the small delta all three
groups received for the multiple-choice question on the conversation. The decreased delta for
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this question may also have been indicative of apoorly designed question. Regardless of
fluctuations on the multiple-choice question, learner-players steadily improved their essay
responses for the conversation as length-in-play increased (1.00, 2.30 and 2.57 respectively).
Therefore, individualsin all three length-of-play groups became more capable of explaining
the conversation clearly and precisely asthey played this game longer. Learner-players
increased their ability to describe Cerner’'s implementation of the conversation as they spent
more time playing HNAM DataQuest.

Also, mean scores improved with increased length-of-play for the relational database factual

recall question—-0.67, 1.25, and 2.85 for 30, 60, and 90 minutes of play respectively. They also
improved for the relational database essay question. Learning was happening on the relational
database questions.

Mean change in responses to server questions, both multiple choice and essay questions, were
more variable. Knowledge of servers was the last concept introduced in the final round of play.
Therefore, this variability in deltas may have been indicative of the stage in which players

were when they were tested — exhaustion, concentration, and/or unlearning. The variability
here may have been indicative of the need for additional rounds of play or, for the 30 and 60
minutes-of-play groups, it may mean that some portion of the learner-players had not yet
reached the more advanced level of play which introduced the concept. At 60 minutes-of-play
some players had completed all three rounds with exhilaration while others were just finishing
their second round, were experiencing stress, and had not yet delved into servers. This
variability of stages may have been reflected in the test scores for this concept.

In addition, groups that played longer increased the mean number correct for all three essay
guestions and not just for the key concept of the level that they had most recently played. In
other words, they demonstrated the ability to remember and reuse concepts learned in the first
round of play even at later stages of play. Overall change in responses to specific questions
appeared to be directly related to the segments of play that each learner-player had
experienced. ThereforelINAM DataQuest taught the concepts that it purported to teach.

Can Learning Occur Through a Computer-based Game Whose Format
Matches the Learning Content Desired?

This section considers whether it is possible to create a learning game that teaches specific
content delivered in the game format, which has been designed to specifically teach
instructional outcomes. This is a review of the match between design intentions and results.

HNAM DataQuest'shosen game format (strategic game play with consegquences for failure)

and chosen instructional design strategies intentionally matched the desired knowledge

outcomes relative to Cerner’s information system. The pre- and post-tests were designed to test
both factual recall knowledge through multiple-choice questions and application of broad
understanding through essay questions about Cerner's specific information system knowledge
(the learning outcomes). Testing was controlled such that only game play could have been the
learning intervention causing change in responses on the pre- and post-test. Differences
between pre- and post-test scores indicated that learning did occur.

Therefore HNAM DataQuest provided the learning intended. If this game could be designed to
teach specific skills and knowledge then other games can also be designed to teach content-
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specific skills and knowledge. Therefore, learning can occur through computer-based games
whose game format and instructional strategies match the outcomes desired.

Is ‘length (In Minutes) of Play’ a Factor That Influences, Whether or not
Learning Occurs?

This section considers whether or not length (in minutes) of play increases or decreases the
amount of learning (the delta) that occurs through game play. Since length-of-play and date of
play were the only variable between all three groups and since game-play was controlled and
measured by pre-post testing and observation, any difference between groups would indicate
whether length-of-play effected learning or not.

Playersin the 30 minutes-of-play group were tested after playing one scenario or round of

HNAM DataQuest. The first round of play for al learner-players was essentially the concept

of Cerner’sthree-tiered client/server architecture asit uses serversin the conversation between

the user’s data request and the database in providing the requested data. On Table E, the 30
minutes-of-play group showed some improvement in both factual knowledge and essay
responses of the Cerner’s three-tiered client/server architecture and an increased understanding
of servers. However, the change was not strong.

In the 60 minutes-of-play group, there were changes indicative of learning occurring in all
conceptual areas that individual learner-players had touched. Results were somewhat mixed as
both learning and unlearning appear to be still occurring. In addition, at 60 minutes of play
some individuals had not yet touched the more detailed information about server functions and
had only played the database portion of the game once while other had completed all three
rounds. However, change did appear both in the factual recall on multiple-choice questions and
in application of broad-based knowledge through the essay questions. Overall, changes were
more than two times larger than found in the 30 minutes-of-play group.

In the 90 minutes-of-play group, all players had completed all three scenarios or rounds of

play. After completing three scenarios, learner-players showed a stronger and deeper
understanding of the architecture as shown increased delta indicative of stronger Cerner-
specific responses on the essay questions. Responses to essay questions were much stronger in
this group indicating an increased confidence in their ability to explain Cerner’s specific
information systems concepts.

For the 90 minutes-of-play group, there was still some confusion in some areas. As previously
discussed these variations may have been attributable to many causes including

(a) exhaustion after 90 minutes of intense play;

(b) unlearning, and

(c) frustration with a design flaw requiring learner-players to rebuild one aspect of the game
three times (once for each round of play).

Subsequent releases modified the design flaw.

Overall, the deltas for changes in minimum score, maximum score, median, mean score, mean
percentage correct, and standard deviation all improved as time-in-play increased. Each
increased dramatically between 30 and 60 minutes-of-play and then levelled off slightly
between 60 and 90 minutes-of-play. The slight levelling may be due to several factors:
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(@) The experience level of the 90 minute of play group was higher and their pre-test scores
were higher than other groups were, which would indicate that the 90 minutes-of-play
group may have been fine-tuning knowledge rather than devel oping new knowledge as the
60 minutes-of-play group with its less experienced associate base would have needed to, or
(b) The exhaustion factor for the 90 minutes-of-play group, or
(c) Frustration due to the design flaw previously mentioned, and/or
(d) the possibility that 60 minutes of game play is an ‘ideal’ length for learning from gaming.

As indicted on Table D, the significance of the change in scores increased as time in play
increased. This significant change related to length-of-play indicated that length-of-play
impacts the amount of learning acquired through game-play. The longer a learner-player
playedHNAM DataQuest the stronger their learning was.

Further Study Needed:

This section considers future studies needed to strengthen the body of knowledge around game
playing as an instructional methodology. Suggestions are provided for re-creating these
findings in more scientific studies and for studying factors not controlled in this study.

As indicated, literature about scientific studies and research on learning through game-play are
limited even though educational practitioners value game-play as an effective methodology.
Some studies focused on children as learners. Other studies were literature reviews. Still others
used marketed games and self-reporting without controlling for or measuring changes in
specific knowledge for each game.

This study controlled for change in knowledge over three different lengths-of-play for an
audience of adult learners who demographically reflected the intended audience within one
company, Cerner Corporation. The game design was intentionally created to deliver specific
knowledge of Cerner’s unique information system concepts. Testing was controlled to ensure
that the game intervention was the only learning intervention that could have caused the
change. In addition, length-of-play was controlled in order to determine whether knowledge
increased with increased length of play.

Recreating these conditions with a different audience and/or different game in scientifically
controlled situations would provide needed reinforcement that gaming can truly create
learning. Without additional studies that provide similar controls and more rigorous audience
controls, the results of this study are merely suggestive that learning does occur.

Additional testing needs to occur for game playing where such tests control for other factors
such as gender, age, difference in learning and thinking modes, and use of violence in play. It
would also be valuable to study different types of game formats (‘twitch’ versus ‘strategy’)
where those formats match the intended learning points as closely as HNAM DataQuest’s
design matched its intended outcomes.

In addition, the difference between 60 and 90 minutes-of-play were not as large as those
between 30 and 60 minutes-of-play. Therefore, it would be useful to determine whether there
is an ‘ideal’ length of play that garners the greatest learning.
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