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Abstract
The goal of this investigation was to evaluate thmact of training and the
effectiveness of different types of knowledge tietenactivities delivered by
computer-based training programs. This study fedusn a computer-based learning
system called the Profound Learning Delivery Sygqfeb$). PLS is an application
designed to improve the content knowledge retentibrmdult learners who are
completing computer-based training.

This study used a pretest-posttest experimentafmds compare adult learners’
knowledge of Microsoft Outlook ("Outlook," 1997¥dre and after a computer-based
training session. Participants were trained usingotdifferent computer-based
instructional programs; a commercially availableftseare program matched for
comparison purposes and PLS. This comparison iedadtliree different formats for
post-instruction retention activities that were; meview activities, user generated
review activities, and program generated retentativities. Results indicate, there
was a significant difference between the groupsdégs after training. This result
demonstrated that PLS has potential worth exploring.
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Introduction

Computers and the Internet are revolutionizingwhg people communicate and learn (Jackson, 2004).
A better understanding of how adults retain knogkettom computer-based training is vital in an
increasingly competitive business where it is esakto develop time and cost-effective methods of
training employees in order to enhance their peréorce.

There is a paucity of research literature regaréimgvledge retention and computer-based training—
specifically instructional design and how it incsea knowledge retention in technology-based
instruction (Caple, 1996; Fletcher-Flinn, 1999e8tmans & Eggen, 1989). Determining the long-term
effects of instructionally designed and learneiigle=d knowledge retention activities may provide
useful information for the design of computer-basetiruction programs in the future. A review oé th
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literature shows that many studies are knowledtgmtien or computer-based instruction studies; few
are both. There continues to be a definite neexpiore these issues along with adult learningpén t
workplace as the trend toward more computer-baséarg continues (Caple, 1996).

Reid, Jacobsen and Katz

Purpose of study

This study evaluated the effectiveness of diffekammtwledge retention activities performed during and
after computer-based training (CBT) sessions. 3tidy compared content knowledge retention of
adults trained on two different instructional pragys. The investigation was designed to query which
type of retention activity was most effective faludt learners in the workplace as measured directly
after training as well as 30 and 60 days afteirfi@l computer-based training.

Literature review

A great deal of the literature on memory and refoailises on how people process information (Okolo
& Ferretti, 1996; Smith, 1998; Son, 2004). It baegn argued that recall is mainly influenced by how
new information is integrated with material alreatigred in long-term memory (Son, 2004; Sprenger,
1999). It has also been argued that learner bebaig the most important factor during and follogi
initial contact with new information (Theide & Dwsky, 1999).

An aspect of learner behaviour is student selfiglise. A model of self-regulated learning was set
forth (Theide & Dunlosky, 1999) that had three comgnts: planning, discrepancy reduction, and
working memory constraints. Participants regula#@rtlearning by setting a desired goal for leagnin
an item. They monitor how well they feel their leéamis progressing and adjust their behaviour with
the ultimate goal of learning the material in min&h offshoot of self-regulated study is daily
repetition. Daily repetition of important infortian is another strategy for building long-term
memory (Carrier & Pashler, 1992; Lieberman & Linn919Sinclair, Healy, & Bourne, 1997;
Sprenger, 1999).

Feedback has been found to be very important &nérs during their instructional session (Baylor &
Chang, 2002; Clariana, Ross, & Morrison, 1991; iSoBoer, & Slotman, 2001; Kneebone, Scott,
Darzi, & Horrocks, 2004). There are significanhb#ts to the user for even a minimal amount of
feedback over no feedback at all (Clariana etl891; Mathan, 2004; Smyth, 2004). Feedback in
computer-based training has many different fornofuling timing, purpose and adaptiveness.

The timing of feedback is featured throughout thexditure (Baylor & Chang, 2002; Kulik & Kulik,
1988). The variable of timing concerns when ther usceives feedback during instruction, after
instruction, during evaluation, and after evaluatiBaylor & Chang, 2002). Another aspect of
feedback timing includes the possibility of timdajed feedback designed to allow the user an
opportunity to think about the question that triggkethe feedback. It has been argued that feedback
immediately after user response was best for mestuctional situations (Kulik & Kulik, 1988).

The purpose of feedback is important for the forimathich it is presented to the user. Evaluative
feedback can be as basic as a correct or inconegsage, or it may include quantitative data ssch a
the number of correct versus incorrect responsésedime it took to complete the training.
Instructional feedback has a different purposegfioee explanations and greater detailed infornmatio
may be provided to the user (Boston, 2002). Typs of feedback might lead to further questions or
data to allow the user to explore a topic of ikt review a topic of difficulty.

Adaptive feedback is one of the strengths of comphbiised training (Bjorner, Kosinski, & Ware,

2003; Embretson, 1996). An examination of compméghiadaptive testing and Item Response Theory
has been carried out by a number of researchaea(Btans & Eggen, 1989; Ware, Bjorner, &
Kosinski, 2000). Item Response Theory allows apter application to have knowledge
benchmarks. The program skips questions when #inedetakes the test. These benchmarks are
based on the assumption that if the learner canears question correctly, then the learner can answ
all the previously skipped questions correctly {Bgr et al., 2003). When the learner answers a
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guestion incorrectly, the program skips back inghestion list to allow the learner to answer a
previously unanswered question and to reduce tipeirsierval.

Reid, Jacobsen and Katz

Some of the main benefits of adaptive testing idelindividualization, difficulty level, test lengtand
question security (Embretson, 1996). An adaptigeadapts itself to the ability of each personrigki
the test. Therefore, each test has an individualiligiculty level rather than a generic difficulty
targeted at the average ability level of peoplthentest group. Adaptive testing allows a person t
answer fewer test questions, thus potentially aligvthe test to be completed in less time. It also
helps improve the security of the test because padon takes a potentially unique test. Other
benefits of computer-based adaptive testing inchmddemand test delivery and computer-based test
marking.

Method

This study employed a pretest-posttest experimeetsign with a convenience sample of adults in a
corporate environment. Adult participants weredanly assigned into one of three groups, and
provided with computer-based training for porti@fidJicrosoft Outlook. The formats of evaluated
knowledge retention activities were quite differéartthe 60 days following the initial training. The
three groups differed as follows:

1. Focus Q with no review activities

2. Focus Q with user generated review activities

3. Profound with program generated retention actisitie
This material will be presented through a more tedagéxplanation of the participants, the software
used, participant training, review and the tespingcess.

Participants

All participants were adult employees of a multtiomal company that had an office in a city in a
western country. Participants volunteered forstiuely and were given no incentive to participate
beyond access to additional training on the softwar

The participants completed a demographic surveysthaved that they were all regular computer
users. Generally, participants had several yeqrergence with computers and they all used computer
every day, at home, in their workplace or bothnety seven percent of the participants had home
computers, 91% had Internet connections. Of theatficipants who completed the initial training, 3
(20 males and 12 females) finished the study. Teamage of the participants was 42 years, with a
range from 31 to 59 years old. The participantpaaded that on average they spend 6.7 hours a day
using computers. For experience using computees;ange was from five years to 38 years of
computer experience.

Software

There were two different types of software usedIB purposes in this study, PLS and Focus Q.
The Profound Learning Delivery System (PLS), designeBrofound Learning Systems Inc., is an
Internet-based instructional software program desidgo individualize content retention activities
after an instructional session ends ("Profound LiagrDBelivery System," 2005). The knowledge
retention aspect of the program is run by the PLEsgivhich modifies the retention questions to suit
the individual learner, and provides feedback toubker about their achievement. Information repenti
was the focus for the PLS in its training and retenéactivities. While the daily retention sessiovere
scheduled to be only five minutes long, they wadividually adaptive to the learner’s performance.
Focus Q, available in both CD-ROM and web basechébs, was an instructional software program
designed with an adaptive learning capability. iBgiinstruction, Focus Q used an adaptive testing
algorithm, which shortens testing time while deteing the learner’'s mastery or non-mastery of the
course.
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There were a number of similarities between the Ridtiae Focus Q programs used in this study.
Both programs had text, audio and graphical aspedteir presentation of information. Both
programs included a modular adaptive componenticiwdesigners can insert the instructional
content to be learned. Focus Q and PLS both iedtodiilt-in testing components and allowed users to
control the pace in which instructional contenpiissented.

Reid, Jacobsen and Katz

There were a number of differences between the BdShe Focus Q programs used in this study.
The main difference was the individualized contetgmtion activities which were in the PLS. The
two programs presented the same content matetialshght variations in much the same way that two
teachers would teach the same content in theirsiyla. The PLS presented the content with an aim
to reuse portions of it in the retention activitiednile Focus Q did not.

Training

Training consisted of having the participants atteridll day session at an off-site computer labe Th
participants volunteered to learn how to use thepmgder application Microsoft Outlook. Training was
done over three days, with one third of the paréinis undergoing training each day. To ensure that
each participant could complete the entire trairsiegsion in a single day, only certain functionthef
application were included in the computer-baseiditig programs. These functions included: notes,
tasks, address book, journal, contacts and custensy Since the training and the posttest welife sel
paced, the time taken to complete the trainingedafiom 4 to 7 hours depending on the pace of
individual participants.

The participants were randomly split into three geouFocus Q without Review, Focus Q with
Review, and Profound. Groups Focus Q without Redad Focus Q with Review used Focus Q while
the Profound group employed PLS. The two FocusdQpug worked through the same training. The
difference between the groups involved retentidivities during the post-training portion of the

study. Both Focus Q groups were given a CD-ROM Wit Focus Q program on it and instructions
on how to install it onto their computers at homd at their work place. The Profound group logged
into and used PLS during training.

Review

The three groups had different directions for whaytwere expected to do during the 60 days
following the training. Focus Q with Review andcis Q without Review were given a different set

of instructions following the training. The FodQswith Review group was instructed to independently
review the CD-ROM version of the Microsoft Outlowkining program for approximately 5 minutes a
day for 60 days while Focus Q without Review grewgs not required to do any review activities. The
Profound group was required to log in to the PLStlier5 minutes of retention activities generated by
the program each day.

Testing

Participants completed a content evaluation te§bonseparate occasions. The pretest was camied o
before the participants received any training. 3é&eond test was done on their training day directly
after the training session. The third content eatbn test occurred approximately 30 days after th
initial training session and the final evaluati@ne approximately 60 days after the initial tragnin
session.

The content evaluation test consisted of 100 knogdegliestions about the components of Microsoft
Outlook they had been trained in. The 100 corqerstions included 77 true or false questions, 7
multiple choice questions with one correct answer 56 multiple choice questions with possibly more
than one right answer.
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Results

Reid, Jacobsen and Katz

Based upon test performance over time, this stttdynpted to determine which type of retention
activity is most effective for adult learners iretivorkplace. The test items were the same for each
administration, which allowed the test to act as\véew constant.

There was a high degree of variability in varianee®ss groups, as an examination of Table 1 will
demonstrate. Moreover, the Profound group shomarked decrease in variance over time that is not
evident in the other two groups. Table 1 providesrtteans and standard deviations by group for the
pretest posttest, and 30 day and 60 day reterggis. t

Table 1. Means and Standard Deviations for pretedipasttest data for all participants who
completed the study.
Pretest Posttest1 30-day 60-day

Focus Q without N=11 Mean 64.27 77.64 74.64 70.09
Review
S.D. 5.18 6.58 4.76 5.77
Focus Q with Review N =12 Mean 66.42 79.17 75.58 2.67
S.D. 6.79 7.59 7.17 8.27
Profound N=9 Mean 68.33 86.11 81.89 79.33
S.D. 7.21 5.06 4.14 2.83
Total Mean 66.22 80.59 77.03 73.66
S.D. 6.41 7.33 6.30 7.16

Plots of individual performances by group overtiane provided in Figures 1,2, and 3. It would appear
that the Profound group have a distinct retentiattepn over time that is not evident in the Focus Q
groups.

Pretest Training Day 30 Day Post 60 Day Post
Post Test Training Test Training Test

Time

Figure 1 — Graphical representation of all partiaiptest scores in the Focus Q without Review group
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Figure 2 — Graphical representation of all pariaiptest scores in the Focus Q with Review group.
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Figure 3 — Graphical representation of all partiaiptest scores in Profound Group.

An Analysis of Variance for homogeneity of Variargteows a significant difference in variances
between groups. When repeated measures of ANOVZA performed on the content evaluation
results, there were significant differences betwgrenips (See Table 2).

Table 2: A two way Analysis of Variance with repehteeasures for pretest, posttest, 30 day and 60
day retention tests.

Effects SS Df MS F P
Groups(Grp) ~ 1748.47 2 874.24 10.35 .001
Residual 2364.28 28 84.44

Time (T) 3683.14 3 1227.71 69.92 .001
Grp x Time 111.80 6 18.63 1.06 NS
T x Residual  1527.57 87 17.56

One explanation for the non-significant group lmgetiinteraction may be the significantly high
variability in the two Focus Q groups. In ordeet@luate the impact of this variability, an indival
analysis was performed for each testing periodthadesults are shown in Table 3. Table 3 provides
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an analysis of the variance for group means foh efi¢he four testing periods (Pretest, Postte801,
day post training and 60-day post training). Thegsteresults suggest that there were no significant
differences in content knowledge among the threemg prior to training. There were statistically
significant differences between groups after Pestte30-day post training and 60-day post training
There were significant differences in participardres between the pre-training test and Posttest 1.
There were also significant differences on the nteanscores between Posttest 1 and Posttest 2, and
30-day post training and 60-day post training. @aébshows a significant effect on tests by time.

Reid, Jacobsen and Katz

Table 3: Individual Analyses of Variance for pre qousttests by group.

Sum of Squares df Mean Square F Sig.
Pretest Between Groups 82.370 2 41.185 1.003 .379
Within Groups 1191.098 29 41.072
Total 1273.469 31
Posttest 1 Between Groups 394.618 2 197.309 4.5@20 .
Within Groups 1271.101 29 43.831
Total 1665.719 31
30-day Between Groups 300.618 2 150.309 4.695 .017
Within Groups 928.351 29 32.012
Total 1228.969 31
60-day Between Groups 441.643 2 220.821 5,571 .009
Within Groups 1149.576 29 39.641
Total 1591.219 31

There is a distinct difference in knowledge retemtjains between the three groups. The most
remarkable difference is the scores of the Prof@mdp on the three posttests compared to thescore
of the other two groups on the posttests. Figyseo#ides a graphic representation of the meanthéor
three groups across time.
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Figure 4: Mean performance of the Focus Q and Braf@roups across testing periods.

All participants who started the training, irresipee of group, completed the initial training, khe
Profound Learning group took significantly longerctimplete the training than either of the Focus Q
groups. This appears to be the result of two factby PLS incorporates review as part of the tngini
and 2) the delivery medium for training was not $hene with both programs. FocusQ had its content
on a CD while PLS content was delivered via an irgeconnection from their remote server. The
Internet connection was sometimes slow in presertia material so there was a delay in training
which occurred for the PLS users. The Profound gir@aga mean training time of 4 hours, 20
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minutes. This was noticeably longer than eithehefFocus Q groups. Focus Q without Review had a
mean training time of 3 hours, 26 minutes and fmeUs Q with Review the mean training time was 3
hours, 20 minutes. The Profound group took, on @egran extra hour to complete the training
compared to Focus Q groups. Table 4 presents thesnaea standard deviations for training time with
each group.

Reid, Jacobsen and Katz

Table 4: Means and Standard Deviations for traitig with group.

GROUP Mean N Std. Deviation
(in minutes)

Focus Q without Review 206.73 11 24.59

Focus Q with Review 200.75 12 46.70

Profound 260.00 9 37.02

Total 219.47 32 44.64

A one-way ANOVA of the time taken to complete tharing by group showed a significant
difference in training time. A subsequent post test showed a significant difference between the
Profound group and the two FocusQ groups.

There was no significant difference between the arhotitime taken to complete the training session
and the score on the training day posttest. It beagrgued that training time was an important faicto
achievement on the posttests because the Profoond gpok much longer to complete the training
and scored much better on the training day posttéshversely, the FocusQ groups took much less
time to complete the training and they scored nmiaaler on the posttests. Thus, it might also be
argued that the training methodology alone didafifitct the achievement on the posttests, but the
amount of time taken to complete the training wessimportant factor in the achievement on the
posttests.

The research team was unable to determine prediggyticipants were actually reviewing the

material over the sixty-day trial period. The datethe participants review rates depended on self-
reports. Participants in the Focus Q without Rewigave not asked to engage in any retention a&sviti
and their self-report indicated that none of thisug’s participants actually reviewed the material
during the sixty-day period. Both the Profound &edus Q with Review groups were asked to review
and they reported varying levels of compliance. & &bpresents a summary of the participant reported
review rates.

Table 5: Group percentages and number of partigpasponding to a question about how often the
material was reviewed.
Outlook Study Review Rates by Group

Reviewed Often Reviewed SometinfeRsviewed Rarely
Focus Q with Review 41.67% 33.33% 25%
n=12 5 4 3
Profound 66.66% 22.22% 11.11%
n=9 6 2 1

Discussion

Significant differences between learners using Pidlmth groups of learners using FocusQ were
found in this investigation. On the 30 and 60-dasgtfests, the learners using PLS scored significantl
higher on a content test than two groups of learnsing FocusQ. There are several possible
explanations for the Profound group’s strong pengmce relative to the two FocusQ groups. The
scores on the pretest show the Profound grouprechigher before any training was done. Therefore,
it might be argued that this group was made upadigpants who started the training with some sort
of advantage over the other two groups. Time comarits and drop out rates might have been
connected in some way. The drop out rate of tefoBnd group was higher than the FocusQ groups.
The Profound group did have to continue with daity-ins and retention activities, while the FocusQ

83



D L D | | Journal of Learning Design

groups had much less of a time commitment imposetthem by the study, which may have lead to a
higher Profound group dropout rate.

Reid, Jacobsen and Katz

Additional factors may also have affected the taspibtained from this investigation. There were a
small number of participants (n=32) and high statdizviations for many of the variables. Another
factor that might have influenced present findimy®lves deployment of the two instructional
programs. The two CBT programs did not present timéenit material in exactly the same way during
training, therefore this difference might have eféel participant results. The FocusQ groups were no
able to use the entire FocusQ program becaussdiarpof the program was disabled for this study.
FocusQ has built-in unit tests that users are lysteduired to complete to help them evaluate their
learning during training. It was thought theset tests would give the FocusQ users an unfairitrgin
advantage because the PLS system did not havare it tests. Also, the Focus Q without Review
group had no review activities to do and only lmdhow up at the evaluation session once a month.
This is far less than even the Focus Q with Reviemg who was asked to independently review the
CD-ROM on a regular basis.

The feedback received from each program might htieetad the evaluation performances of each
group. It has been found that it is very importantearners to get feedback of some kind (Clariah
al., 1991). PLS provided feedback in a very stmmext way while the FocusQ groups did not have the
same type of feedback structure. Logging in andiving a score everyday from the program might
have lead to improved test scores and improvedvaiidn levels in the profound group.

Conclusion

The goal of this investigation was to evaluate thpdct of training and the effectiveness of différen
types of content knowledge retention activitiegmétdult participants used a CBT program to learn
about Microsoft Outlook. By comparing three differéypes of the retention activities the particifzan
completed, it was found that user retention of kiedlge could be significantly affected. There were
significant differences found in the test scorethefparticipants in the different training groufsice

the Profound users consistently achieved signifigdrigher on content tests, it can be argued that
there is a relationship between the structure eiribtruction and retention activities in PLS ang th
higher performance on content evaluation tests.PIl& system appears to be a good tool for aiding in
self-regulated learning and to be a useful traingm, but more research is needed.
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