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Introduction

r
F

« The structure of data from social organizations,/
- such mosoo_m dnm_j___mm mﬁo m_.m hierarchical or /
_3c:_ -level in nature. |

« In education, for mxmB_u_m mEo_m_ﬁm are mma:o
“be nested within classrooms which are in turn
nested within schools, schools are nested within
school districts which are in ES nested 5__5_1.
~provinces.

! « Despite the prevalence of hierarchical m:coﬂcﬁmm
/in behavioural and social _.mmmm_,o: researchers
often fail to address EmB mamncmﬁm:\ in ﬁ:m data
‘analysis. | o el
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Learners at level 1 are :mmﬂma within schools
at level 2 which are in turn nested within
district at level 3, E:_o: mﬂm :mmﬁma within
~ province at level 4. | |
« Other data :_mqmﬂo:_mm _:n_cam _ﬂm_ummﬁmn_-
' measures data and meta- m:m_ﬁ_o data. |
« Data repeatedly gathered on an individual is
hierarchical as all the observations are
nested within individuals
WWWWWW T ﬂm HSRC
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_._< s a :_m_‘m_‘o:_om_ o_mﬁm m:coEﬂm H
an issue -/

~m.m

e ‘mEn_m_ﬁm E::_: a _um_,:oc_mq o_mmmﬂoo_,: tend to

.:oBoomnmocm in ﬁm_.Bm of EB_E Umox@ﬂoc:n_ ]
| | ”..”moomo ~eCoNoMic mﬁmEm _,mom or mﬁ::_o_a\ or
.._,m__@_o: than the vovc_m:o: mm a whole.

e Furthermore , students in the same classroom \
share the experiences of being in the same
teacher, physical environment and similar
experiences, which may lead to _:o_.mmmmo_

homogeneity over time.
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¥ Assumptions of Regression models

“» Hierarchical Linear zoam___nm AI_.Z: is commonly |
used when analyzing j_mqmqo:_om# oq Bc_ﬁ_-_m,gm_ |
social science data. - -

+ Like all other statistical m_uﬁ__om:o:m Am@ |
Regression models) certain assumptions shouid be
met before any HLM m:ma\m_m IS vmloqgma

...‘Emjmﬁm:amaI_|§30Qm__5@ ﬁ_‘_m o::om_ ﬁ
assumptions are:
» The expected outcome must be mx_ou.mmmmg as a
linear function of the regression coefficients, and

+ The random effects (residuals) are normally
distributed with constant variance (independence
of observations/measurements).
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P independence of the observations

+ The average correlation Umgmm: variables
- measured on students ,403 the same schools |
will be higher than the m<mﬂm©m correlation |
between variables Bmmmc_,mo_ on mEam:ﬁm
from different mo:oo_m ..

. >mwc3_omo: of _:amvmzam:om of the
 observations is violated. Estimates of
standard errors are relatively very small

leading to highly significant results.
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” Normality of the outcome variable

The dependent <m_,_m_u_m should follow

a normal a_mSUc:o:

Zo:-:o_,Sm

ly o__m:__ocﬁmn_ <m:m_u_mm

which are skewed and have large

kurtosis wit
cdistort relat
tests.

<_mcm__< ins

h substantial outliers can
ionships m:a m_@:_mom:om

pect o_mﬁm plots

Skewness and kurtosis indices give

,io::m:o:

about normality
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Linear relationship between the dependent
and independent variables |

. Regression models can only mooc_,mﬁm_v‘ estimate the

 relationship between dependent and independent
variables if the relationships are linear in nature.

. If the relationship is not linear, the results of the /

- analysis will under-estimate the true relationship.

'« Examine residual plots {plots of standardized residuals

~as afunction of standardized predicted values)

- Routinely run regression analyses that incorporate
curvilinear components (squared and cubic terms)
utilize the non-linear regression option
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Unit of analysis o

“When outcomes, for example academic achievement, are gathered
at the individual level and other variables at classroom or school
level e.g. school size, or student composition (race or gender) the _
" question arises as to what the unit of m:m_%m_m mwoﬁa _um and howto |
avm_ with m._m Cross- _mﬁmH mmmh.m of Mrm am_..m

. We may convert variables from onm ﬁmdﬁ to mmoﬂrﬂ. wuw
aggregation or disaggregating, .

. Aggregation means that variables at a lower level are transferred to
a higher level, for instance, by computing the school mean score
from individual student’s test scores.

« Disaggregating means moving variables to a lower level, for
instance by assigning to all students a variable that reflects the
composition of the school they belong to such as gender or race.
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M he EES m@ﬁwomor allows mﬁ mww:n: Boa@rbm cm effects
at the various levels of the hierarchy -

. Al estimated effects are adjusted for the Ea_ﬂacm,_-_mdm_
and group-level influence on the dependent variable. I

A learner-level regression model is estimated for each
- school to predict _mmgmam Bmmmﬁm n% wmwwogmwom szm 5
learner characteristics. - |

. chzmmmocmg at the mowoo_ Hmﬂom a H@mﬁmmﬂos anm_ is
defined using school characteristics to estimate the
parameters obtained at the learner-level

e E mﬁmﬂoﬁm at each level are estimated at the same time and
the variance at one level is SWQH into account in estimating
the next level. e : \

« Thelevel I in our mwmﬁﬁww EE H.m?.mmms_.. the Hm_mﬂcbmw%m |
among the learer level variables, the level-2 model will
capture the influence of school level factors and a level m:.mm

“may incorporate .&mSQ _mﬂm_ mm,mﬁm . o B
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Basic HLM lllustrations

+  Formally there are i = 1,....n; level-1 units, (e.g: Hm.apmﬂmu which are nested with m
each of j=1,...J level-2 units (e.g. schools). ‘ 7
. LBVEL 1 model: - S | o
e YRy By Xt By X ey - . B
¢ Where: o o . SR
« B, (p=0,1, ...P)arc level | coefficients ‘ m
| » X isalevel-1 predictor p for case i in level-2 unit J
L. eg~N (0,02 ) normally distributed with mean zero and variance o
e LEVEL 2 Mode: Each of the By coefficients in the level-1 model becomes an |
! outcome variable in the Level-2"model
* Bo=VYootig Ho~NO, Too )
. .m:n Yio + Y1eZy+ 1) u‘
Where Z is the level 2 predictor
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Research Questions:

. moé much do SA high mowoo_m a@.% n, 90: mean

Em@mamﬁ% mo?mﬁwaoao R o

H

Uo moroo_m 5_9 Emr §m>2 mmm m_mo Wm<w Emw Bm\%

mn?w<w9mb% | .  : R | _._._m.wm.;.. R "
Hm the mﬁwsmg of mmmoo_mﬂos w@ﬁﬁog mﬁcao_\; mmm mbm%m_& ‘
H m.o?ﬁ&B@E similar across morooﬁmo O_. is SES amore .

w

Bﬁ.oﬁmﬁ @8929. om moEQ\@BmE in some mowoo_m %mﬁ E

——

Cothers?
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Variable Descriptions

LEVEL1

Unique Identifier
linking level 1 &

LEVEL 2

id

Unique
Identifier
linking fevel 1
& level 2

sector

School type

| = Private

2 = Public

id level 2
Math achuevement continuous
mathach score variable
i = Female
female Gender
(0 = Male
-1 = Low
Socio-economic
ses

status

(= Average

meanses

School mean
SOCI0-
economic
status

1 = High
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id

minority

female

ses

i for lustration (level 1 data)

mathach /

1224

0

1

-1.528

5.876

19708 ¢ [

1224

20349 | /

1224

. -0.528

8.781

1224

17.898

1224

4.583

1288

7.857

- 1288

10171 |

1288

15.699

1288

22.919

1288

10.664

1288

13.543

1296

8.773

1296

Olajlajoja|ofjo|aje|lo|jolojoe

olalola|lula|lo|olalololoje -

‘— M.\— qm .‘ ) ,Mr
3.052 A

1296
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id

sector

- ‘meanses

o

o

1224
1288

- 1296

1308

1317

1358

1374

1433

1436

1461

I I N N = K] ﬂ:’:—lcﬁ

1462

1477

wm

pe - ——————
N
e

Data for illustration (level 2 data)
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HLM 2 example ( base model)
 LEVEL 1 (Learner Level): |
 MathAch=Bg*r =N (0,0%)

_|m<m_. N Amn_,_oo_ _.m<m: |
<oo + <2N tp 4 E to_. ~N(0, Tgo )
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‘BaseModeloutput

Summary of the model mwmnmm& ‘Q: equation format)

Level-1 Model S
Y= w¢+w B Y

Fmﬂm_ m ?—an&
Wm ﬂ:e + HB

mw Emﬁ

“m.mmimwmnnu_.mn =

Tau . ‘
INTRCPT1,B0 8.61431

Tau (as correlations)
EHMOH&PW: 1.000 N

" Random rmﬂm_-w namm...nmm:q Hm_mn.&__.q estimate
S~ % .__.w = HSRC

INTRCPT1, B0
‘ o TS - ) .x. : Bofnan Soignces
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Base Model output (cont.)

The cutcome variable is MATHACH

Final estimation of fixed effects (with robust standard errors)

Standard Approx.
Fixed Effect Coefficient Error T-ratio d.f. P-value
For INTRCPTI1, B0
INTRCPT2, GO0 12.636972 0.243628 51.870 159 0.000

R ——————p——————— LT E DT TE R B bl b e

Final estimation of variance components:

Random Effect Standard Variance df  Chi-square P-value
Deviation Component

INTRCPT1, uo 2.93501 8.61431 159 660.23259  0.000
level-1, R 6.25686 39.14831
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Interpretation of results :Base Model

The average school mean math achievement is 12.64 and standard
error (.24,

The coefficient of 8.61 (with corresponding chi-square value of
660.23) indicates significant variability between schools in terms
of their average math achievement.

The reliability is 0.90 which tells us that the information we have
for each school is reliable
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wmmm _<_oam_ _:ﬁ_.mo_mmm Oo_,_,m_m:o:
Oomm_o_msﬁ

i
F

" The proportion of the Sﬁm_amimgm Emﬁ is within moroo_m.m

AN AT A . e

Where: S IR |

. proportion of variability explained

4

< > O >

: between school variance
2 - within school variance
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“Variance explained by Base Model (cont.)

To determine the Intraclass Correlation Coefficient (ICC), look
at the nﬁmma:na na___ma._msaa section of the output. i
,Eﬁ ICC = _Emwomﬁ_“ dem_ C ﬁmﬁmﬁom \ Sﬁm_ variance. . Inthis w
ICC = 8.61/(8.61439.15)=0.18 T
» which means that 18% of the total qmﬂmﬁmﬁ% is attributable
to individual differences between mnrcoym A
* Alternatively 82% of the total variance s E:?s schools.
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Level 1 Predictor variables added
L. | LEVEL 1 |

et =By BSES) 4, NG

- LEVEL2:

~ Boj = Yoo * Mg Mg .
F By =Y Ty
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_.m<m_\_o£_o£ | S

The outcome ﬂmﬁm_u_m is MATHACH B | -
mm:m_ mmﬂamrau of mmmm effects QﬁE w:#:ﬂ mnmumm.i mnwcﬂmv .

‘ o mnﬁ_nma - Approx. e
m,ﬁmm _wﬁ.mnﬁ Oamwmﬁmi | .—wmﬂan | H..-.mﬂc df .w-ﬁw_nm.
‘5:.; INTRCPTI, B0

INTRCPT2, G0O 12.636137 0.243722 51.847 159 0.000 |
For SES slope, Bl e o B

wﬁwoﬁm G10 2.191172  0.129367 16938 7183 0.000
Final estimation of variance n@Euc:muﬁmw |
Random Effect Standard  Variance . Chi-square  P-value

Deviation Component

INTRCPT1, U0 294491 867252 159 17561719 0.000
 levell, R 6.08362 37.01040 | e
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Interpretation of results

The average of school means is 12.64, standard error of 0.24

Average SES-achievement slope is 2.19, std error 0.13 and
t-ratio of 17.26.

This indicates that on average that student SES is
significantly positively related to math achievement within
schools.

Estimated variance amongst school means Ty = 8.64 with
chi-square statistic of 1770.5

We infer that highly significant differences exist among
school means. .
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Interpretation of results (cont.)

- Variance of slopes 1,, = 0.65 with chi-square of 213.4 and
d.f of 159 at p-value < 0.05.

«  We rgject the H,: T, = 0 and we infer that the relationship
between SES and math achievement within schools vary
significantly across population of schools.

+ The reliability is 0.901 which tells us that the information
we have for each school is reliable.
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Jariance mx_u_m_:ma mmmﬂ. maaio _uaa_oﬁo_, |
to level \_ | o,

= aw (random ANO iy o2 am@\% §§§ mzogw
- =39.15- 32%3

@qmw H H.mm&mm_ variance (0,) rwmvmmﬂ H.mmmomm to 37.01,
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~ Level 2 predictor variables added
rm<mv_

 MabAch B BEE N0 |

weveLz

Bo =700 T Yor mﬁmmo.ﬂomﬂv + 48. *(MEANSES) +
B =

Yio+ v11 ¥(SECTOR) +v,,*(MEANSES) + i |

L

) L a
R A e -

= : .
. .Iln” j
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' Level w o:%ﬁ

Sigma_squared= 36.70313 oy

_ZH wo_uﬂ BO 237996 019058
| SES, Bl 019058 014892 o

Tau Amm nawww_wﬁcumv a B
INTRCPT1,B0 1.000 03200
SES,B1 0.320 1.000

 INTRCPTL,BO 0733
.. SES,Bl 0073 .
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ﬂ::: estimation of fixed effects o o m. o S mw _
(with robust standard errors) . S ) - S
I . - - Standard .- . Approx. Mv
*-Fixed Effect . Oan_.mnmmﬁ‘ Error -  T-ratio - d.f. P-value I
For - INTRCPTL, BO . o e i
INTRCPT2,G00  12.631549 0140082 90.173 157 0.000
SECTOR, G01 1.226384  0.308484 3976 157 0.600
‘szmmwgu 5333056 0334600 15.939 157 0.000 B
For - SESslope, B - N L |
mZ.H—Hﬁ_WHN G10 2219870 0.108224 20.512° 157 0.000
SECTOR, G11 -1.640954 0.237401 -6.912 157 0.000 L
MEANMSES, G12 1.034427 0.332785 3.108 157 (.003
Final estimation of variance components: | ,.,.,,_.,.._
Random Effect Standard  Variance df ~ Chi-square P-value
Deviation ﬁ@.ﬁwa:mﬂﬁ -
INTRCPT1, U0 154271 237996 157 60529503 0000
. SES w—aﬁm, u1 0.385%0 c._m_wwu. - 157 162.30867 ‘ mem«a.\a
leveht, R 60583t 367033 7 e=
T . : %..\.»\\xq ..i.“lnkl.r— h-m 1.
° .\\ [-“lllli-ll“il.qlln m.M..
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+  The coefficient of 2.37996 Aﬂ.ww ooﬁwmmﬁmu&:m chi-square -/
value of 605) indicates significant variability among schools
~in terms of their average math achievement. | o

‘. . The .wmwmmmwamimuom oaiﬂowmﬁ. wmmﬁ”_mﬁoz of the model
 (36.70313), indicating that quite a lot of the variation in the
~ outcome remains unexplained by this model.

e

i
1
1

« There wm H.E significant dm.,mmwm:@ in terms of the SES slopes
for the level-2 units, as indicated by the estimate of 0.14892
(with p-value of 0.369) for the level-2 component.
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<m:m30m mxv_m_nmamnm_, maa_:@ _m<m_ m
predictor .<m_._mv._.mm

_M = ﬁ% ?aaa.a% 8&% v a% Am:wwmam ...... &mb% Hec ?ax&cﬁ.%a&w v

= 67 - 2. w@;% D E
‘wroqu | S LT R

e A Mt e B
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Conclusion

+ We need to understand data in terms of structure, type  /
of <m:m_u_mm m:a _.m_mno:m_,__vm _um_:@ 5<mm¢@mﬁma

.‘ mu_,o_u_m:,_ of unit of m:m_<m_m is mﬁo_ama m:a datais no ..
63@@_. m@@wmm_mﬂma or o__mm@@ _,mmm,ﬂmn_. - m

'« \We obtain monc_.mﬁm msa ,.m__m_u.#m mmzamﬁ_oz of each
 level effects R M,

« All estimated effects are ma_cmﬁma dnoﬂ _:a_qacm_ level
| .w:o_ group-level influence on the o:ﬁoﬁm variable.

- + The only draw back of m_uv_S:@ IES is that it _wmn_:_“,mm N
.maqm:nmn_ _mam_ of mog_mﬁ_omco: _: mﬁmam:om | N
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