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Improving Memory Performance in the Aged Through Mnemonic Training: A Meta-Analytic Study Paul Verhaeghen, Alfons Marcoen, and Luc Goossens Center for Developmental Psychology University of Louvain (Katholieke Universiteit Leuven), Belgium The effectiveness of memory training for the elderly was examined through a meta-analysis of pre-to-posttest gains on episodic memory tasks in healthy subjects aged 60 or above. Pre-to-posttest gains were found to be significantly larger in training groups (0.73 SD, k = 49) than in both control (0.38 SD, k = 10) and placebo (0.37 SD, k=S) groups. Treatment gains in training groups were negatively affected by age of participants and duration of training sessions and positively affected by group treatment, pretraining, and memory-related interventions. No differences in treatment gain were obtained as a function of type of mnemonic taught nor the kind of pretraining used.



An important topic in recent psychogerontological research is the modifiability of older adults' cognitive functioning through relatively brief experimental interventions (Hultsch & Dixon, 1990; Willis, 1990). One line of research has specifically investigated the plasticity of memory performance through instruction in mnemonic techniques such as the method of loci, the name-face mnemonic (McCarty, 1980), or the pegword mnemonic (for an overview of mnemonics, see Belezza, 1983). In this article, we present an overview of more than a decade of intensive research on memory training with the elderly, using meta-analysis as a quantitative tool for literature review. More specifically, three questions guided our research: (a) What is the magnitude of the effect obtained as a result of mnemonic training? (b) Which (quantifiable) characteristics of both sample and study design are associated with this effect? (c) Are there any differences in the effect magnitude associated with the type of mnemonic taught or the type of pretraining used? Usually, a meta-analysis is carried out by contrasting the posttest performance of a treatment group with the retest performance of a no-treatment control group. In this article, we depart from this custom, using pretest-posttest gains in performance of treatment groups, and comparing those with the testretest gain in performance of no-treatment control groups and placebo groups. Three main reasons incited us to use treatment gain as the focus of this study.



Portions of this research were presented at the Xlth Biennial Meetings of the International Society for the Study of Behavioural Development, Minneapolis, Minnesota, July 1991, and the Fifth Congress of the International Psychogeriatric Association, Rome, August 1991. This research was conducted while Paul Verhaeghen was a research assistant at the National Fund for Scientific Research, Belgium. Part of the investigation was supported by a grant from the Prof. Dr. Jan Hellemans Fund, Belgium. We are highly indebted to three anonymous reviewers for their constructive comments on an earlier version of this article. Correspondence concerning this article should be addressed to Paul Verhaeghen, Center for Developmental Psychology, Tiensestraat 102, B 3000 Leuven, Belgium.



First, there is a conceptual reason for considering treatment gain rather than posttest differences between groups. The main focus in memory training research is plasticity—the range of intraindividual differences—in memory functioning in old age (Hultsch & Dixon, 1990; Willis, 1990). This range of intraindividual change is exemplified in treatment gain and not in a comparison of trained versus merely retested individuals at posttest. Second, we tried to arrive at a representative sample of the relevant literature. Because the majority of memory training studies with the elderly (i.e., 70% of the sample presented here) do not include comparisons with a no-treatment control group, classical meta-analysis would severely limit the number of data points. Moreover, some of the most influential studies (e.g., cited in the review articles by Hultsch & Dixon, 1990, and Yesavage, Lapp, & Sheikh, 1989), notably those of Kliegl and associates and those of Yesavage and associates, have only rarely included control groups. Using classical meta-analytic procedures would necessitate that these important studies be discarded from the analysis. Third, focusing on treatment gain rather than control-treatment comparisons allows one to include more than one treatment group per study in the analysis, thus further increasing the number of data points. The statistical procedures that we use (including multiple regression) require stochastic independence of the effect sizes used for computations. In studies that include more than one treatment group (this was the case for 42% of the studies in the present sample), classical meta-analytic procedures necessarily create an unknown degree of dependence, because all treatment groups are compared with a common control group. This problem does not occur when analyzing treatment gains.



Method The Sample of Studies To identify relevant studies, we used the CD-ROM databases ERIC and PsycLit and manually searched Dissertation Abstracts Interna-
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IMPROVING MEMORY IN THE AGED tional, using terms such as mnemonics and strategies-learning on the one hand and elderly and gerontology on the other hand. References cited in the selected studies were used to identify studies not included in the original sample. Some European studies were kindly made available to us through personal contacts with research departments in that part of the world. Included in the final sample were studies that (a) included healthy normal subjects with a mean age of 60 or over who were free from cognitive problems caused by organic pathology, (b) aimed at the improvement of memory performance through instruction in some mnemonic technique, (c) included a pre- and posttreatment measure of memory performance (studies that investigated long-term effects through follow-up were not included), and (d) provided sufficient statistical data for the computation of effect sizes. A total of 31 research papers were retrieved, including 33 studies. The total sample of older subjects consisted of 1,539 persons, with an estimated mean age of 69.1 years. (Mean age was estimated from midpoint of age range for those studies in which mean age was not reported.)



Coding of Variables Each group included in these studies was coded as being either (a) a control group, when no treatment (apart from testing) was given; (b) a placebo group, when treatment did not include the teaching of mnemonics; or (c) a mnemonic-training group, when at least one mnemonic was taught. Ten groups were classified as being control groups, 8 as being placebo groups, and 49 as involving mnemonic training. Placebo treatment was diverse and consisted of giving feedback, doing exercises to enhance attention and concentration, teaching relaxation techniques, discussing personal and memory problems, and providing subjects with information about memory and aging. The sample of groups (along with some of their characteristics) is listed in Table 1. Studies were scanned for variables that might influence pre-to-posttreatment gains. Variables for which values could be coded for the whole sample of mnemonic-training groups were included in a regression analysis designed to answer our second research question. In total, 13 variables were identified. Descriptive statistics for each of these variables are provided in Tables 2 and 3. Five of the variables (see Table 2) were continuous: (a) age of subjects, (b) pre-to-posttest interval, (c) end of training-to-posttest interval, (d) number of training sessions, and (e) session duration. Eight variables (see Table 3) were coded in dummy format (O/1): (a) teaching of a single mnemonic versus multiple mnemonics, (b) inclusion of pretraining, (c) additional memory-related (but nonmnemonic) intervention, (d) instruction by a real-life tutor versus instruction solely through manuals or tapes, (e) individual versus group sessions, (f) unpublished versus published study, (g) inclusion of a control group in the design, and (h) recruitment of subjects for an unspecified experiment versus recruitment for a memory-improvement program. Interventions before training were coded as being a pretraining when one or more sessions of nonmnemonic intervention were provided, specifically intended to increase benefit from mnemonic instruction. In the present sample, pretraining consisted of relaxation training, training in visual imagery formation and elaboration, teaching of a judgment technique (judging the pleasantness of visual image associations), or a combination of the latter two techniques. It may be added here that interventions before the training phase that were not intended to enhance treatment gain—that is, programs to improve attitudes toward aging (Yesavage, 1983, 1984)—were not coded as pretraining. Yesavage himself considered these groups to be reference groups rather than pretraining groups. In the present sample, memory-related interventions consisted of treatments as diverse as concentration and attention training, teaching
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of external memory techniques, providing information about memory and aging, group discussion, relaxation training, working on personal insights, training in self-monitoring, motivation enhancement, offering feedback, and teaching problem-solving skills. One important variable, years of education, was only reported in 19 of the studies (30 treatment groups), so this variable was analyzed separately.



Meta-Analysis Generally speaking, meta-analysis can be defined as the statistical integration of the results of independent studies. The analysis typically comprises two steps: (a) the calculation of effect sizes from the results of individual studies and (b) the statistical analyses proper, which are designed to account for the observed variability in the results obtained in the primary studies. In this study, we used a modification of the meta-analytic procedures advocated by Hedges and Olkin (1985). This method is sometimes referred to as "approximate data pooling with tests of homogeneity" (Bangert-Drowns, 1986, p. 394). Modifications pertained to the first step in the procedure (calculation of effect sizes) only and basically involved a shift from the traditional between-groups approach (experimental vs. control group) to a within-group approach (pre- vs. posttest) as discussed in the introduction. Calculation of effect sizes. In this initial step of the meta-analysis, the pre-to-posttest improvements of different groups are expressed on a common metric to make them comparable. The statistic used for this purpose was J. Cohen's (1977) d or the standardized mean difference. In the present analysis, the pretest mean was subtracted from the posttest mean for each group (mnemonic training, control, or placebo), and the resulting difference was divided by the pooled standard deviation from both test occasions (pretest and posttest). This approach represents a departure from traditional procedures in the meta-analysis of intervention research that use the posttest difference between means of the experimental and comparison group (control or placebo) divided by the pooled standard deviation (across both groups) as the preferred measure for effect size. Whenever summary statistics were not reported in the primary source, effect sizes were derived from inferential statistics (Fand;), taking the formulas suggested by Smith, Glass, and Miller (1980, Appendix 7) as guidelines. All of the d values obtained were corrected for small sample bias using the Hedges and Olkin (1985) correction factor. In addition to the corrected d value (called d,), essentially a point estimate of the population effect size, a confidence interval was obtained for each of the individual effect sizes. It may be noted here that only one effect size was eventually retained for each of the 67 groups (training, placebo, or control) entered in the present meta-analysis. When several memory measures were used fora single group, every effort was made to derive direct tests of training impact, taking into account both the mnemonic taught and the memory task used as an evaluation measure. To this end, a distinction was made between target and nontarget memory measures. A memory measure was considered to be a target measure when the newly acquired mnemonic could be applied on this task and a nontarget measure when the mnemonic taught could not be applied. Effect sizes were calculated for target measures only and averaged whenever there was more than one of them for the same group of subjects. Examples for studies that taught a single mnemonic may clarify this general principle. For the method of loci, for example, performance on a list of concrete words was considered a target measure and the results for that measure were expressed as an effect size. If there were three different list tests, the resulting effect sizes were averaged. Any pairedassociate task, name-face-association task, prose recall task, or shortterm memory task administered to the groups of subjects who were taught the method of loci was considered a nontarget measure, and the
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Table 1 Studies Included in the Meta-Analysis 95% confidence limits for dt



n



Study



Mean age



4



Lower



Upper



8 19 15 18 11 12



72.2 69.7 62.2 69.4 67.6 67.8



0.09 0.27 0.61 0.34 0.24 0.14



-0.89 -0.37 -0.12 -0.32 -0.60 -0.66



1.07 0.91 1.35 1.00 1.08 0.95



10 17 27 27



70.7 72.9 66.8 72.0



0.76 0.57 0.21 0.55



-0.14 -0.12 -0.33 0.00



1.67 1.25 0.74 1.09



73.5 67.5 67.7 68.6 67.8 72.9 65.6 63.7



-0.02 0.24 0.69 0.10 0.43 0.25 0.03 1.10



-1.00 -0.43 -0.12 -0.77 -0.38 -0.43 -0.58 0.45



0.96 0.92 1.49 0.98 1.24 0.92 0.63 1.75



10 6 8



71.0 64.0 70.9



0.61 1.30 0.14



-0.29 0.05 -0.84



1.50 2.55 1.12



31 30



69.2 68.9



0.56 1.04



0.05 0.50



1.07 1.58



18 21



66.7 67.9



0.34 0.96



-0.32 0.32



1.00 1.60



56 50 50 59 102



68.0 68.5 68.8 67.8 75.4



1.06 0.89 0.75 0.74 0.09



0.67 0.48 0.35 0.36 -0.19



1.46 1.30 1.16 1.11 0.36



20 19



71.7 71.7



1.85 1.06



1.11 0.38



2.59 1.74



11 11 16 30 21



72.9 70.8 64.1 73.7 69.0



0.43 0.43 0.48 0.52 1.06



-0.41 -0.41 -0.22 0.01 0.42



1.28 1.28 1.18 1.04 1.71



11 10



68.5 67.0



0.64 0.59



-0.21 -0.31



1.50 1.48



11 11



67.8 67.8



1.11 1.07



0.21 0.18



2.01 1.97



5 10 10 26 17 20 25 7



69.3 70.6 71.7 61.4 72.9 66.5 72.0 66.8



0.34 1.07 1.32 0.80 0.62 0.53 0.28 0.72



-0.91 0.13 0.35 0.24 -0.07 -0.10 -0.28 -0.36



1.59 2.01 2.29 1.37 1.31 1.16 0.84 1.80



Control groups DeLeon(1974) Fly nn&Storandt( 1990) Loonen & Richter (1988) Meyer, Young, & Bartlett (1989) Pratt (1981) Rebok&Balcerak(1989)» Robertson-Tchabo, Hausman, & Arenberg (1976, Study II) Schaffer&Poon(1982)1 Scogin, Storandt, & Lott (1985) Stokvis(1988)b



Placebo groups



8



DeLeon(1974) Hill, Sheikh, & Yesavage (1987) Meyer etal. (1989) Pratt (1981) Rebok&Balcerak(1989) Schaffer&Poon(1982) Yesavage, Rose, & Bower (1983)" Zarit, Gallagher, & Kramer (1981)'



17



13 10 12 17 21 21 Memory-training groups



Anschutz, Camp, Markley, & Kramer (1985) Deelman, Koning-Haanstra, & Berg (1990) DeLeon(1974) Flynn(1987) Self-instruction Self-instruction and group discussion FlynnA Storandt (1990) Self-instruction Self-instruction and group discussion Gratzinger, Sheikh, Friedman, & Yesavage (1990) Imagery Relaxation Imagery and judgment Hill etal. (1987) Hill, Yesavage, Sheikh, & Friedman (1989) Kliegl, Smith, & Bakes (1989) Study 1 Study 2 Lane (1984) Memory training Memory training and memory-skills training Loonen & Richter (1988) Markel(1982) Meyer etal. (1989) Pratt (1981) Training Training and motivation Rebok&Balcerak(1989)" Training Traning and feedback Robertson-Tchabo et al. (1976) Study I Study II, loci Study II, loci and directions Rose & Yesavage (1983) Schaffer&Poon(1982)" Scogin etal. (1985) Stokvis(1988)b Verhaeghen (1989)
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IMPROVING MEMORY IN THE AGED Table 1 (continued) 95% confidence limits for d>



Study



n



Mean age



Lower



Upper



Memory-training groups (continued) Yesavage (1983y Imagery Attitude improvement Yesavage(1984)il Relaxation Attitude improvement Yesavage & Jacob (1984) Yesavage& Rose (1983)" Loci Loci and concentration Yesavage & Rose (1984a) a Yesavage & Rose (1984b) Loci Loci and judgment Yesavage etal. (1983)" Name-face Name-face and judgment Yesavage, Sheikh, Friedman, & Tanke (1990) Imagery Relaxation Imagery and judgment Yesavage, Sheikh, Tanke, & Hill (1988)" Judgment Relaxation Zarit etal. (1981)



25 25



78.0 78.0



0.61 0.16



0.05 -0.39



1.18 0.72



19 19 25



71.6 71.6 74.2



0.66 0.13 1.82



0.01 -0.51 1.16



1.31 0.76 2.48



19 16 22



68.7 68.7 61.4



0.28 1.13 1.07



-0.36 0.38 0.44



0.92 1.87 1.70



20 17



66.2 66.2



0.13 1.25



-0.49 0.52



0.75 1.99



21 18



65.6 65.6



0.95 0.95



0.31 0.26



1.59 1.64



74 67 77



67.7 67.9 67.6



0.85 0.68 1.11



0.51 0.33 0.78



1.18 1.03 1.45



20 20 20



67.0 67.0 63.7



1.14 0.88 0.99



0.47 0.23 0.34



1.80 1.53 1.65



Note. dt = point estimate of effect size. * Mean age reported is the mean age for all groups combined. age range.



results pertaining to these tasks were simply dropped from the analysis. Conversely, name-face-association tasks were considered target measures for the name-face mnemonic, and only the effect sizes for this type of task (averaged whenever appropriate) were entered into the meta-analysis, discarding all results pertaining to other types of memory tasks. Comparable decisions were made for groups that were taught multiple mnemonics (with all memory tasks on which any of the mnemonics taught could be used considered as target measures) and for control and placebo groups (with decisions on target and nontarget measures that paralleled those for the corresponding training group within a given study). The procedure just briefly outlined ensures that results for target



Table 2 Descriptive Statistics for Continuous Variables Coded for Memory-Training Groups (k = 49)



Mean age was estimated by midpoint of



measures (direct tests of training impact) are not simply lumped together with results for nontarget measures (tests for generalization of training), which would presumably bias against a strong training effect. One additional advantage of meta-analysis is that the latter assumption—stronger impact on direct tests as compared with generalization tests—may be empirically examined in additional analyses. For 10 training groups, a clear distinction could be made between target and nontarget measures, and their respective effects were compared directly.



Table 3 Descriptive Statistics for Variables Coded in Dummy Format (0/1) for Memory-Training Groups (k = 49) Dummy variable



Continuous variable



M



SD



Min.



Max.



Age (years) Pre-to-posttest interval (days) Training-to-posttest interval (days) No. of sessions Duration of sessions (hr)



68.99



3.57



61.35



78.00



22.64



23.65



0.08



91.00



2.33 5.76 1.49



2.73 5.12 0.56



0.00 1.00 0.33



14.00 20.00 2.50



Note. Min. = minimum; Max. = maximum.



b



Single vs. multiple mnemonics Pretraining Memory-related interventions Real-life tutor vs. manual/tape Group sessions Publication status Inclusion of control group Recruitment for memory training



Coding



%ofls



Single/multiple No/yes



65 75



35 25



No/yes



65



35



Tutor/no tutor No/yes Published/unpublished No/yes



86 17 22 70



14 83 78 30



No/yes



53



47



246



P. VERHAEGHEN, A. MARCOEN, AND L. GOOSSENS



Statistical analyses. As a result of the first step in the meta-analytic procedure, a sample of effect sizes is obtained to which a series of statistical techniques can be applied, each of which can be likened to well-known techniques in primary data analysis. An average effect size can be computed for the whole sample and a confidence interval established. Furthermore, the variability in effect magnitude observed in the sample may be analyzed by means of procedures that closely resemble standard analysis of variance (ANOVA) and regression techniques. The particular techniques used to answer the three research questions of the present article are briefly discussed. Comparing treatment gain versus retest and placebo effects (Research Question 1) involves a multistep approach. A weighted average effect size is computed for the entire sample in which results based on larger samples are given greater weight. One may then test whether this average effect is significantly different from zero by delimiting a confidence interval around the observed mean value. An additional statistic allows one to test whether the whole sample of effect sizes is homogeneous, that is, whether the observed effect can meaningfully be represented by means of a single value (the average effect size). If the homogeneity statistic (QT, which is x2 distributed with k-\df, where k stands for the number of effect sizes) exceeds the critical value, additional analyses are called for. The overall sample of effect sizes is then broken down into smaller groupings (or classes) according to a priori categorical dimensions. The principle of variance partitioning, well-known from its application in the ANOVA, is applied in the analysis of the original nonhomogeneity of the entire sample. The total estimate of the variability «2T) is broken down into a single between-groups homogeneity index ((?„) and a series of within-group homogeneity indices (gw), one for each of the different groupings of effect sizes. The QB statistic (x2 distributed with p - 1 df, where p stands for the number of groupings or classes) is roughly similar to an omnibus F test; QB tests whether the average effect sizes in each of the groupings are significantly different from each other. When there are more than two groupings or classes, a significant QB statistic may be followed up by Bonferroni or Scheffe tests. Each of the (?w statistics (x2 distributed with k,- \ df where ^ stands for the number of effect sizes in the fth grouping) tests whether the variability within each of the groupings is entirely due to sampling variation. The best possible result is obtained when the QB statistic is significant and each of the (?w statistics is nonsignificant. The original nonhomogeneity of effect sizes for the entire sample (QT) has then been accounted for by the variability as a function of the categorical dimension under study. Examining the effect of a whole set of study characteristics on effect magnitude (Research Question 2) naturally calls for regression analyses. The appropriate meta-analytic technique is a least squares analysis with two distinctive features, (a) Each observation is weighted by the inverse of variance of the effect size estimate. The rationale behind this weighing procedure is that the variances of the individual effect size estimates, which are inversely proportional to the sample sizes of the study, can be dramatically different, particularly when differences in sample size tend to be rather large, (b) An additional test statistic, known as the error sum of squares statistic (QE) provides an explicit test of the goodness of fit of the regression model. When this statistic (x2 distributed withk- p-\df where k stands for the number of effect sizes, and p for the number of predictors) does not exceed the critical value, the regression model adequately explains the observed variability in effect size estimates. Finally, comparing the effectiveness of different kinds of mnemonics and different types of pretraining (Research Question 3) essentially involves the same meta-analytic techniques as discussed for the first research question. If the total variability ((?T) proves nonsignificant, the effect sizes may simply be averaged across types of mnemonic or pretraining, respectively. Alternatively, QT may be significant, and



both between (QB) and within ((?w) homogeneity indices may be computed to determine if some types of mnemonic or pretraining yielded a larger effect than others and whether the groupings of effect sizes for each of the different mnemonics or types of pretraining were homogeneous. In summary, then, larger groupings of effect sizes are broken down into ever smaller subsamples or classes until each of them is homogeneous and represents a single population treatment effect, whereas—in the best of possible cases—their average effects are significantly different from one another.



Results Treatment Gain Versus Retest and Placebo Effects The weighted average effect size for the entire sample (k=61) was 0.66, a value that is significantly different from zero (95% confidence interval: 0.59 to 0.74). The homogeneity statistic, however, was significant and rather large (QT = 110.99, p < .05), necessitating additional analyses that contrasted training, control, and placebo groups. Results of these analyses are presented in Table 4. Three different analyses are reported, and three findings are noteworthy here. First, it can be seen that the elderly benefited more from mnemonic training than from either control or placebo treatments. There was significant nonhomogeneity between the three classes (QB), and analysis of pairwise contrasts (using the Hedges & Olkin, 1985, analogue of the Bonferroni procedure) showed that the effect size for memory-training groups was significantly different from that of control and placebo groups, which did not differ from each other (z = 2.96, 2.59, and 0.04, respectively, tested against a critical value of 2.40). So there was an effect that was specific to mnemonic treatment. Note also that the average effect size for memory-training groups was heterogeneous, as might be expected when a sample of studies using many different kinds of treatment is considered. In this vein, it is reassuring to find that effect sizes for control and placebo treatment were homogeneous. This indicates that all control or placebo groups can be considered as being replications of each other. Second, a direct comparison between control groups and experimental groups in those studies that included both also resulted in a significant between-groups difference favoring experimental groups. Third, there appeared to be a difference between effect sizes for target and nontarget measures in those studies where these two types of measures could be distinguished: There was almost no overlap in the respective confidence intervals for the two average effect sizes. (Because these measures were taken from the same subsample of studies, the effect sizes were stochastically dependent. As a consequence, the significance of the differences between these two effect sizes could not be tested directly) So the effect of mnemonic training appears to be specific, being larger for those memory tasks that allowed for the use of the newly acquired mnemonic.



Treatment Gain as a Function of Selected Study Characteristics Our second research question pertained to the variables that might influence pre-to-posttreatment gains in memory perfbr-
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Table 4 Summary of Effect Size Statistics (Effects of Memory Training as Compared With Control and Placebo Groups and Effects on Target and Nontarget Measures) 95% confidence limits for


Lower



Upper



10 8 49



.38 .37 .73



.16 .12 .65



.60 .63 .82



3.02 7.91 86.03



10 14



.38 .68



.16 .48



.60 .88



3.02 10.81



10 10



.64 .24



.43 .03



.84 .44



7.56 5.75



Note. QB = 14.03 and 3.99, respectively, for total sample and studies including a control condition, with significant nonhomogeneity at p < .05, according to chi-square tests, for both, k = number of effect sizes; d+ = mean weighted effect size; Q, = chi-square statistic for homogeneity within groups; QB = chi-square statistic for homogeneity between groups. * Because in some of these studies more than one training group was compared with a control group, the number of training groups exceeds that of control groups. b Because of stochastic dependency of the subsamples, QB cannot be computed.



mance in memory-training groups. It is possible (even probable) that there existed some multicollinearity between the 13 predictors mentioned earlier. We decided to tackle this problem in an empirical way, rather than excluding any of these 13 variables on an a priori basis from the regression analysis. The results of the regression analysis that was carried out to this effect are shown in Table 5. Results of two analyses are presented in the table. In a first analysis (the full model), all variables were entered in the equation (upper part of Table 5). In a second analysis (the derived model), the equation was reevaluated with only the significant predictors from the first equation as independent variables. Both models adequately fit the data (as indicated by the nonsignificant Qe values). To detect problems caused by multicollinearity, each independent variable was regressed on all the remaining ones; the jR2 of this regression can be taken as an index for multicollinearity (Berry & Feldman, 1985). In the full model, these R2s were rather high for some variables, as can be seen in Table 5. This indicates that there was some interdependence in the set of predictor variables. In the derived model, however, multicollinearity did not play a major role. The alternative way of trimming the full model by eliminating variables that were responsible for multicollinearity resulted in estimations close to those of the derived model: No predictor other than those that were already significant in the full model became significant in the trimming process, and the variable memory-related interventions became nonsignificant when the model was trimmed to make all R2s smaller than .64 (so that all Rs were smaller than .80). It can be seen that in both models presented in Table 5 age of participants and duration of sessions had a negative impact on effect magnitude, whereas the presence of pretraining and



group training had a positive impact. In the full model, there was also a positive effect of memory-related interventions. Education was another possibly important mediator variable. However, a median split off (at 14 years of education) failed to yield a significant between-groups difference (low education: 0+ = 0.81, k = 12; high education: d+ = 0.82, k = 15; 


Types of Mnemonics and Pretraining Our third research question pertained to differences associated with type of mnemonic taught and type of pretraining. Comparison of the effectiveness of different mnemonics was restricted to the groups that were taught a single mnemonic (k= 31). The homogeneity index proved nonsignificant for this sample as a whole (QT = 39.05, ns). It may be concluded, therefore, that the average effect size for this subsample of training groups was 0.81 (95% confidence interval: 0.70 to 0.92) and that there was no need to account for variability in effect sizes as a function of the type of mnemonic taught. For purely illustrative purposes, the effectiveness of different types of mnemonics is shown in Table 6. A quick glance at the table reveals that differences in effect size between the different types of mnemonics were nonsignificant. It may be noted that, except for organization, all mnemonics taught in the present sample of training groups involved imagery. Virtually all of the classes of effect sizes for the different mnemonics were homogeneous, suggesting that, within groups, the different studies can be considered to be replications of each other. Note, however, that some of the average effect sizes were not reliably different from zero, probably because of small sample size. Comparison of the effectiveness of different types of pre-
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R VERHAEGHEN, A. MARCOEN, AND L. GOOSSENS Table 5 Regression of Selected Moderator Variables on Effect Size in Memory-Training Groups Predictor



B



0



p



R2 with other predictors



Full model (QE = 27.46, df= 35) Age Pre-to-posttest interval Training-to-posttest interval No. of sessions Duration of sessions Single vs. multiple mnemonics Pretraining Memory-related interventions Real-life tutor vs. manual/tape Group sessions Publication status Inclusion of control group Recruitment for memory training Constant



-0.0600 -0.0048 -0.0300 -0.0025 -0.4700 -0.0395 0.3643 0.6609 -0.3207 0.6092 0.1482 -0.1760 -0.1126 5.0041



-0.5922 -0.2570 -0.1609 -0.0286 -0.5920 -0.0529 0.4847 0.7630 -0.2760 0.4729 0.1458 -0.1799 -0.1483



.000 .280 .373 .928 .000 .787 .004 .007 .412 .012 .447 .250 .424 .000



.42 .78 .62 .87 .55 .66 .55 .84 .89 .64 .65 .48 .63



.000 .000 .002 .373 .001 .000



.08 .41 .30 .39 .36



Restricted model (QE = 36.80, df= 43) -0.0530 -0.4522 0.3187 0.1106 0.6164 4.4476



Age Duration of sessions Pretraining Memory-related interventions Group sessions Constant



-0.5236 -0.5696 0.4241 0.1277 0.4785



Note. QE = statistic for error sum of squares.



training was restricted to those studies that used the same type of mnemonic: the name-face technique. Recall from the Method section that two groups that received an intervention before training (viz., an attitude-improvement program) were considered to be some kind of reference group and did not receive pretraining in the proper sense of the term. The metaanalysis involved two different steps: (a) The weighted mean improvement for all groups receiving pretraining was compared with the effect of attitude improvement both following pretraining and following mnemonic training and (b) the effec-



Table 6 Effect Sizes as a Function of Type of Mnemonic Taught 95% confidence limits for d+ Mnemonic Method of loci Name-face Pegword Imagery (paired associates) Organization Total (single)



12 14 2 1 2 31



d+



Lower



Upper



0.80 0.83 0.62 0.14 0.85 0.81



0.58 0.69 -0.00 -0.84 0.38 0.70



1.02 0.97 1.24 1.12 1.32 0.92



12.78 23.16* 0.01 — 0.85 39.05



Note. Dashes indicate that homogeneity cannot be computed because there is only one study in the group. For total single mnemonic, QB= 2.25, ns. k= number of effect sizes; d, = mean weighted effect size; (?w = chi-square statistic for homogeneity within groups; Qe = chisquare statistic for homogeneity between groups. * Significant nonhomogeneity at p < .05.



tiveness of different types of pretraining was compared, again after completion of the pretraining and of the training phase. Table 7 presents the results of that analysis. The between-groups difference was nonsignificant immediately after pretraining (QB = 1.51, ns), but reached significance ((2B = 8.25, p < .05) after completion of the subsequent mnemonic training. These findings suggest that, as far as the training phase is concerned, it was indeed useful to distinguish between pretraining and attitude improvement. The (?w statistic for the pretraining groups was nonsignificant, indicating that additional partitionings, as a function of type of pretraining, for instance, were not called for. The lower part of Table 6 (again provided for illustrative purposes) shows that all types of pretraining were equally effective. All of the effect sizes for the different types of pretraining were homogeneous. Although some of the average effect sizes were not significant after pretraining, they all differed from zero after subsequent memory training.



Discussion From our results, it is obvious that even in old age memory remains plastic. The mere fact of retesting the elderly enhances their memory performance, with about 0.4 standard deviation. Training the elderly to use mnemonics enhances performance, with about 0.7 standard deviation. This implies that after mnemonic training, the average elderly person can be expected to perform at the 77th percentile of the performance distribution of his or her age group. Because the effect size for groups receiv-
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IMPROVING MEMORY IN THE AGED Table 7 Relative Effectiveness of Pretraining as Compared With Attitude Improvement Groups and Effect Size as a Function of Type of Pretraining (Name-Face Mnemonic Only) After pretraining Class



After mnemonic training






L/U



L/U



Q



Relative effectiveness Pretraining Attitude-improvement



7 2



0.33 0.05



0.15/0.51 -0.37/0.47



1.79 0.01



0.86 0.19



0.67/1.05 -0.23/0.60



3.63 0.00



0.00 — — 0.91



0.92 1.14 0.75 0.71



0.59/1.24 0.47/1.80 0.35/1.16 0.25/1.17



1.62



Type of pretraining Imagery Judgment Imagery and judgment Relaxation



2 1 1 3



0.34 0.49 0.43 0.24



0.03/0.65 -0.14/1.12 0.03/0.83 -0.06/0.53



— — 0.54



Note. Dashes indicate that homogeneity cannot be computed because there is only one study in the group. Within-group homogeneity statistics (Qw) are all nonsignificant at p < .05. k = number of effect sizes; d,. = mean weighted effect size; L/U = lower/upper bound of the 95% confidence interval for d+; Qw = chi-square statistic for homogeneity within groups.



ing mnemonic training was reliably larger than that for control and placebo conditions, part of this increase in performance must be attributed to mnemonic treatment, over and above mere retesting and placebo effects. The plasticity associated with mnemonic training appears to be largely specific to that training. Improvement was found to be higher on tasks allowing for the use of the newly acquired mnemonic than on tasks not allowing for the use of that mnemonic. At least four variables were found to influence performance gains in the mnemonic-training groups. Treatment gains were largest when the subjects were younger, when pretraining was provided, when training was carried out in groups, and when sessions were relatively short. Possibly, including some kind of memory-related intervention (such as attention training, providing information about memory and aging, group discussion, and the like) also enhances treatment gain. When interpreting these results, the reader should bear in mind that the results of any regression analysis are strongly dependent on the range of the variables included in the regression model. For instance, the duration of training sessions in the present sample varies from 20 min to 2.5 hr, with a median of 90 min. The regression equation may hold within that range of variation, but it is in no way guaranteed (and in fact highly improbable) that further decreasing session duration will lead to larger gains from treatment. Also, the reader should be aware that metaanalysis is merely a descriptive tool, and further research is necessary to explain the influence of the variables mentioned earlier. One finding that certainly merits further investigation is the fact that age, within older samples, negatively affected treatment gain. This echoes findings that there are differences in plasticity between young and older adults (e.g., Kliegl et al., 1989). This seems to indicate that—at least in cross-sectional samples—memory plasticity decreases monotonically over the adult life span. Several reasons, which are not necessarily mutually exclusive, could be advanced for this finding. A lack of



performance gain after instruction in an effective mnemonic can occur in at least three instances: (a) There might be problems with the acquisition of the mnemonic; (b) there might be problems with retrieval of the mnemonic at posttest (if forgetting of episodic information is age related, forgetting of procedural information might be age-related as well); and (c) there might be problems with the application of the mnemonic. All of these problems can be explained from a processinglimitation view on memory aging. A corollary of a reduction in processing resources is that there should be problems with the acquisition and retrieval of information. Application problems can be explained by the possibility, put forward by some authors (e.g., Backman, 1989; G. Cohen, 1988; Salthouse, 1985; for a thorough review, see Light, 1991), that age limitations in processing resources (such as speed of processing and workingmemory capacity) might lead to concomitant changes in strategy use. The age-related reduction in resources should lead to the adoption of less effortful strategies and should set limits on the kind of strategies that can be used (or the number or sequence of operations that can be carried out). However, as Light (1991) pointed out, empirical data to support this assertion are lacking. Of course, it is possible that more distal factors, such as educational and health differences, differences in cognitive stimulation in the living environment, or differences in previous participation in adult education activities, are responsible for problems in acquisition, retrieval, or application of mnemonics. Note that in the present meta-analysis, however, educational differences were not associated with treatment gain. Some of the points raised here can be clarified through training research in which (a) it is verified whether subjects have indeed learned the mnemonic correctly after completion of the training phase, (b) the mnemonics applied by the subjects at pre- and posttest occasions are identified, and (c) some relevant individual measures (e.g., of educational level, general health, and processing resources) are included (at least) at pretest. This implies a shift from a group approach of memory-training data
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analysis to an individual-differences approach (as advocated by Willis, 1990). The finding that longer sessions (note that the median duration of sessions is 1.5 hr) have less effect can be attributed to the effects of fatigue. It is conceivable that long training sessions are tiring and that this may lead to problems with the acquisition of the mnemonic or to a decrease in motivation. The positive effects of group instruction (and memory-related interventions) should be investigated further. Some likely candidates for an explanation are social comparison and a resulting feeling of self-efficacy, reactivation, mutual support and reinforcement among the trainees, or enhanced motivation. With regard to the effects of pretraining, a methodological problem arises. In our sample, the presence of pretraining is methodologically confounded with number of testing occasions: Pretraining studies include three testing occasions, as opposed to two for non-pretraining studies. It may be possible that the larger pre-to-posttest gain is simply attributable to the larger retest effect that might be expected after two previous testing occasions. A second possibility is that the effect of pretraining is comparable with that of other memory-related interventions. To check this possibility, it is necessary to compare pretraining training groups with groups receiving the pretraining mixed with the training. (An examination of order effects— pretraining training vs. training pretraining—is problematic because the training-to-posttest interval is different for the two groups.) At present, the finding that groups receiving placebo treatment (an attitude-improvement program) before training performed less well after training than the pretraining training groups pleads against this hypothesis. However, as stated earlier, the treatment gain in the former groups was rather low. A third possibility—after ruling out both of the former possibilities—is that pretraining has indeed a specific effect. In that case, it should also be expected that subjects who do less well on pretest measures of the variable relevant to the pretraining (i.e., subjects scoring low on imagery, low on judgment, and high on anxiety, respectively) should benefit more from the relevant pretraining (i.e., imagery, judgment, and relaxation training, respectively) than other subjects. Yesavage (1984) and Yesavage, Sheikh, Tanke, and Hill (1988) found indeed that higher anxiety scores were associated with larger treatment gain in a relaxation pretraining design, and Yesavage et al. (1988) also found that lower vocabulary scores were associated with larger treatment gains in a judgment pretraining. Note that this argument is internal to pretraining designs; no conclusions are permitted from these findings regarding the superiority of pretraining over other memory-related interventions. It may be interesting to point out that the influence of some other variables did not reach significance, although regression coefficients are usually in the expected directions. These variables include pre-to-posttest and training-to-posttest interval, real-life tutoring versus manual/tape, and publication status. Note that instruction in a package of mnemonic techniques rather than training a single mnemonic does not lead to an increase in effect size. It is important to note that the approach taken here has its limitations. First, these results bear strictly on mnemonic training for the normal elderly and must not be generalized to other populations, such as the elderly suffering from dementia. Sec-
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